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How  can  this  course  in  chemistry  help  you? 


Are  you  going  to  be  a  chemist?  If  you  are, 
this  book  will  show  you  how  to  do  many  in¬ 
teresting  things  that  will  start  preparing  you 
for  your  life  work.  But  perhaps  you  do  not 
expect  to  be  a  chemist.  Maybe  you  want  to 
be  a  lawyer,  a  mechanic,  a  miner,  a  salesman, 
a  farmer,  a  housewife,  or  something  else.  How 
can  this  chemistry  course  help  you  in  your 
daily  life? 

No  matter  what  you  are  going  to  do  when 
you  finish  school,  you  will  always  be  a  con¬ 
sumer.  You  will  buy  food,  clothing,  fuels, 
cosmetics,  and  hundreds  of  other  articles  that 
you  want  and  need.  Strange  to  say,  most  of 
the  things  you  buy  are  in  some  way  related 
to  chemistry.  A  chemist  prepares  the  lacquer 
used  inside  “tin  cans”  to  keep  food  from  spoil¬ 
ing.  Chemists  control  the  processes  by  which 
syrups,  jams,  jellies,  sugars,  and  breakfast 
foods  are  made. 

Synthetic  fibers,  such  as  rayon  and  nylon, 
are  rapidly  replacing  natural  fibers,  such  as 
silk  and  cotton.  These  new  fibers  are  entirely 
a  product  of  chemistry.  The  application  of 
chemical  principles  has  increased  the  amount 
of  gasoline  that  we  can  get  from  crude  oil. 
This  has  not  only  lowered  the  cost  of  gasoline, 
but  it  has  greatly  improved  its  quality.  The 
development  of  plastics  for  everyday  use  is  in¬ 
creasing.  Already  plastics  have  replaced  met¬ 
als  in  many  of  our  common  articles,  and  their 
uses  are  rapidly  growing.  You  may  soon  be 
buying  plastic  furniture,  plastic  automobile 
bodies,  and  plastic  building  materials. 


As  you  look  through  the  pages  of  this  book, 
you  will  see  that  you  are  going  to  experiment 
with  household  chemicals,  cleansers,  foods, 
medicines,  textiles,  and  many  other  things  you 
buy  and  use.  Of  course  it  is  important  for 
you  to  learn  about  these  articles.  That  is  why 
you  are  going  to  work  with  them  in  this  course. 
But  that  is  by  no  means  all  you  are  going  to 
do.  As  you  do  the  experiments,  you  will  learn 
chemical  principles  in  practical  situations.  You 
will  see  how  much  chemistry  means  to  you  in 
your  daily  life. 

Moreover,  you  will  not  only  learn  chemical 
principles;  you  will  also  learn  how  to  be  an 
intelligent  consumer.  For  if  you  understand 
how  chemistry  helps  make  the  things  you  use, 
you  should  be  able  to  buy  the  things  you  need 
more  wisely.  And  you  will  learn  something 
even  more  useful  than  that.  You  will  learn 
just  how  scientists  solve  problems  by  using 
the  scientific  method. 

In  the  first  place,  a  real  scientist  must  care¬ 
fully  observe  what  is  taking  place.  His  obser¬ 
vations  must  be  accurate,  and  they  must  be 
numerous.  When  enough  accurate  observa¬ 
tions  have  been  made,  he  must  be  able  to  an¬ 
alyze  and  classify  what  he  has  seen.  He  must 
group  the  things  that  are  alike  and  the  things 
that  are  different.  From  these  observations 
and  classifications  he  must  be  able  to  develop 
some  idea  that  seems  to  explain  what  he  has 
observed.  This  is  called  forming  an  hypothesis. 
The  hypothesis  may  be  right,  or  it  may  be 
wrong.  Only  time  and  tests  will  tell. 
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Too  many  times  people  stop  thinking  after 
they  have  formed  an  hypothesis,  but  scientists 
do  not  stop  here.  They  continue  to  test  their 
hypothesis;  that  is,  they  find  out  whether  their 
hypothesis  is  right  or  wrong  by  using  what  is 
called  experimentation. 

Most  of  us  want  to  know  what  happens  and 
how  it  happens.  Sometimes  our  ideas  may  be 
right,  and  at  other  times  they  may  be  wrong. 
The  only  way  to  be  sure  what  the  true  facts 
are  is  to  carry  out  experiments.  Solving  prob¬ 
lems  by  experiments  is  the  method  preferred 
by  scientists. 

The  things  you  will  study  in  this  book  have 
been  selected  because  they  will  be  interesting 
and  useful  to  you.  If  you  follow  carefully  the 
directions  and  the  procedures  given,  you  will 
develop  the  habit  of  using  the  scientific 
method,  not  only  in  studying  chemistry  but  in 
solving  your  life  problems  as  well. 

Turn  to  the  table  of  contents,  pages  iv-v. 
You  will  see  that  this  book  contains  fourteen 
units  and  that  each  unit  contains  several  ex¬ 
periments.  At  the  beginning  of  each  experi¬ 
ment  you  will  find  an  introductory  discussion 
and  some  questions  called  Preparing  Yourself 
for  the  Experiment.  Read  through  the  discus¬ 
sion  carefully  and  then  answer  the  questions, 
using  no  more  words  than  necessary.  To 
answer  the  questions,  you  will  have  to  refer 
to  your  chemistry  textbook  and  sometimes  do 
some  outside  reading.  You  must  also  do  some 
thinking. 

The  discussion,  reading,  and  questions,  to¬ 
gether  with  your  thinking,  will  provide  you 
with  the  information  needed  to  carry  out  the 
experiment.  Sometimes  you  may  answer  some 
of  the  questions  incorrectly.  So  when  you  have 
finished  the  experiment,  go  back  and  check 
over  your  answers  to  the  questions  to  see  if 
they  are  right. 


Ar-  5 

.T9I 

After  you  have  prepared  yourself,  you  are 
ready  to  experiment  to  find  the  facts.  You 
will  see  that  the  next  section  is  called  Experi¬ 
menting  to  Find  the  Facts.  Be  sure  to  read 
all  of  the  directions  before  you  start  the  ex¬ 
periment.  Get  out  the  materials  and  apparatus 
you  will  need.  As  you  work,  notice  the  differ¬ 
ent  things  that  happen  and  write  down  the 
results  as  they  occur.  When  you  have  finished, 
answer  the  questions  in  Conclusions  from  the 
Experiment.  To  do  this,  you  must  use  what 
you  have  learned.  Then  you  can  work  out  the 
Consumer  Applications  at  the  end  of  the  ex¬ 
periment. 

When  you  have  finished  all  of  the  experi¬ 
ments  in  a  unit,  think  over  the  various  prin¬ 
ciples  you  have  learned  and  discuss  them  with 
other  students.  Many  other  problems  not  cov¬ 
ered  in  this  book  may  come  to  your  mind. 
Put  your  knowledge  to  work.  You  will  often 
be  able  to  solve  problems  by  experimenting 
in  your  home,  shop,  office,  or  farm. 

On  pages  2,  12,  38,  60,  86,  130,  150,  168,  190, 
212,  228,  and  268  you  will  find  some  valuable 
laboratory  helps.  They  have  been  included  in 
this  book  to  make  your  chemistry  work  easier 
and  better. 

The  amount  of  time  and  effort  you  spend 
on  a  unit  will  determine  how  much  you  will 
enjoy  your  work  as  a  chemist  and  how  much 
help  you  will  get  as  a  consumer.  Remember 
that  you  will  get  no  more  out  of  this  or  any 
other  course  than  you  are  willing  to  put  into 
it.  We  hope  that  you  will  receive  as  much 
profit  and  enjoyment  from  your  chemistry  ex¬ 
periences  as  our  own  students  have  received 
from  using  this  material  in  their  school  labora¬ 
tories. 

.  Lawrence  F.  Tuleen 
Willard  L.  Muehl 
George  S.  Porter 
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Morton  High  School  and  Junior  College,  Cicero,  Illinois.  Without  their  inspiration  and  encour¬ 
agement  this  hook  would  never  have  been  prepared. 
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TO  THE  TEACHER 


How  does  this  laboratory  workbook  differ  from 
the  conventional  laboratory  manual?  For  what 
type  of  student  is  it  intended?  How  will  it  fit  in 
with  the  classroom  work  and  chemistry  text  now 
in  use?  What  should  be  done  in  teaching  this 
course?  These  are  practical  questions  for  which 
you  as  a  teacher  will  wish  to  learn  the  answers. 

EXPERIMENTING  TO  FIND  THE  FACTS 

If  you  have  read  How  can  this  course  in  chem¬ 
istry  help  you?  on  pages  ii-iii,  you  will  know  that 
the  purpose  of  this  book  is  threefold:  to  teach 
chemistry  principles,  to  teach  the  scientific 
method,  and  to  show  the  students  how  to  apply 
the  principles  and  method  in  the  solution  of 
consumer  problems.  A  common  criticism  of  most 
laboratory  courses  in  chemistry  is  that  the  stu¬ 
dent  is  not  actually  experimenting  at  all.  He  is 
merely  repeating  an  experiment  explained  in 
the  text.  The  futility  of  such  work  and  the 
meagerness  of  its  results  have  led  some  schools 
to  dispense  with  all  laboratory  work  in  chem¬ 
istry.  This  drastic  solution  might  be  likened  to 
cutting  off  one’s  arm  to  cure  writer’s  cramp. 
Before  doing  away  with  laboratory  work,  we 
should  first  try  to  improve  and  revitalize  it,  to 
make  it  more  useful  and  meaningful  to  the 
student. 

In  an  experiment  a  student  should  either  dis¬ 
cover  something  he  does  not  already  know  or 
find  out  if  an  hypothesis  he  has  formed  is  right 
or  wrong.  There  is  no  experiment  in  this  book 
whose  results  are  a  foregone  conclusion  to  the 
student  because  of  what  he  has  read  in  his  chem¬ 
istry  text.  The  student  must  prepare  himself  for 
the  experiment  and  then  experiment  to  find  the 
facts  in  order  to  get  the  results.  He  must  use 
his  results  to  answer  the  questions  in  the  con¬ 
clusions  and  consumer  applications.  Thus  both 
the  student  and  the  teacher  have  a  check  on 
what  has  been  learned  in  the  experiment. 

A  COURSE  FOR  ALL  STUDENTS 

Experience  has  shown  that  almost  all  the  stu¬ 
dents  in  the  class  will  get  satisfactory  results  with 
these  experiments.  As  might  be  expected,  the 
better  students  will  get  better  results.  But  even 
the  poorest  students  will  derive  more  benefit  from 
this  type  of  course  than  they  did  from  the  tradi¬ 
tional  laboratory  course.  Yet  this  book  is  in  no 
sense  a  course  for  “slow”  groups.  It  is  a  re¬ 
oriented,  not  a  watered-down,  laboratory  work¬ 
book;  it  is  an  outgrowth  of  the  project  method 
of  teaching  chemistry. 


AROUSING  STUDENT  INTEREST 

When  you  examine  the  table  of  contents  on 
pages  iv-v,  you  will  find  seventy  experiments 
arranged  in  fourteen  units.  Perhaps  the  titles 
of  some  units  and  experiments  may  seem  queer 
for  a  chemistry  book.  But  you  must  remember 
that  these  titles  are  for  the  student,  not  the 
teacher.  Their  purpose  is  to  arouse  student  in¬ 
terest  in  experimenting  with  everyday  materials 
and  solving  practical  problems.  If  the  titles  had 
been  written  for  the  teacher,  different  ones  would 
have  been  used.  For  example,  Unit  1  ( Measur¬ 
ing )  could  be  called  The  Metric  System.  Units 
2  and  3  ( Household  Chemicals  and  Cleansers  and 
Softeners )  might  have  been  entitled  Neutraliza¬ 
tion  and  Hydrolysis.  Unit  11  ( Antifreezes )  would 
be  The  Properties  and  Behavior  of  Solutions. 
Other  units  would  be  called  Oxidation  and  Re¬ 
duction,  Emulsions  and  Suspensions,  Organic 
Chemistry,  and  so  on.  But  such  titles  would  not 
mean  much  to  most  students,  since  they  have  no 
apparent  relation  to  everyday  materials  and  prac¬ 
tical  problems. 

MEETING  STUDENT  NEEDS 

Scientific  laws  and  principles  do  not  change 
much,  though  sometimes  they  must  be  altered 
or  extended  to  include  new  findings.  So,  too, 
must  the  methods  of  presenting  these  laws  and 
principles  be  adapted  to  meet  student  needs  in 
an  ever-changing  world.  When  the  great  majority 
of  high-school  students  were  preparing  for  col¬ 
lege,  it  may  have  been  advisable  to  teach  a 
“boiled-down”  introductory  college  chemistry 
course  in  the  laboratory.  Now,  however,  the 
situation  is  quite  different.  Many,  in  some  schools 
most,  students  do  not  go  on  to  college.  And  only 
a  few  of  those  who  attend  college  take  chem¬ 
istry  courses.  Thus  for  the  great  majority  of 
students  the  high-school  course  is  their  only  con¬ 
tact  with  chemistry  beyond  general  science. 
These  students  need  a  terminal  course  rather 
than  a  preparatory  course. 

The  authors  believe  that  the  purpose  of  high- 
school  chemistry  is  not  to  train  embryo  chemists 
but  to  develop  future  citizens  by  acquainting 
them  with  the  laws  and  principles  of  science  re¬ 
vealed  in  chemistry.  This  course  is  distinctly  not 
an  attempt  to  “socialize”  the  science  out  of  chem¬ 
istry.  Rather  it  is  an  effort  to  teach  chemical 
principles  in  practical  situations.  Increased  stu¬ 
dent  interest  and  understanding  as  well  as  in¬ 
creasing  enrollment  in  the  authors’  classes  show 
that  this  effort  has  been  successful. 


Vll 


METHODS  AND  MATERIALS 


To  be  fully  effective,  the  methods  of  teaching 
chemical  principles  should  be  practical  and  un¬ 
derstandable.  If  the  materials  as  well  as  the 
methods  are  practical,  the  student’s  interest  will 
be  aroused  and  his  attention  will  be  automatically 
focused  on  the  problems  to  be  solved.  He  will 
be  acting  in  response  to  a  felt  need.  Because  of 
this  he  will  be  better  able  to  retain  the  principles 
taught. 

This  laboratory  workbook  teaches  fundamental 
chemical  principles  in  a  practical,  understand¬ 
able  manner.  To  do  this,  the  chemical  principles 
are  developed  with  everyday  materials  and 
clinched  with  consumer  applications.  The  ex¬ 
periments  have  been  organized  in  a  form  that 
forces  the  student  to  use  accepted  and  approved 
methods  of  scientific  observation  and  thinking 
to  reach  a  solution  of  the  problems  presented. 

DEMONSTRATION  EXPERIMENTS 

Experience  has  shown  that  our  students  prefer 
the  type  of  experiments  given  in  this  book  to  any 
other  type.  However,  many  of  the  traditional 
experiments  now  performed  by  students  in  the 
laboratory  will  furnish  excellent  demonstration 
material  for  the  teacher  in  the  classroom.  As  a 
rule,  they  can  be  done  better  and  more  safely 
by  the  teacher  than  by  the  student.  It  is  sug¬ 
gested  that  the  traditional  experiments  which 
meet  the  needs  of  a  particular  group  be  selected 
and  performed  by  the  teacher  as  demonstrations. 
The  list  of  such  experiments  might  well  include 
the  preparation  and  properties  of  oxygen  and 
hydrogen,  the  determination  of  molecular  and 
equivalent  weights,  the  relative  activity  of  metals, 
the  reactions  of  strong  acids  and  strong  bases, 
and  the  preparation  and  properties  of  the  halo¬ 
gens.  Individual  teachers  will  wish  to  prepare 
their  own  lists  of  demonstration  experiments. 

TEXT  REFERENCES 

The  units  in  this  book  have  not  been  arranged 
to  follow  the  order  of  any  particular  chemistry 
text.  Instead,  page  references  are  given  to  four¬ 
teen  widely  used  texts  before  the  questions  in 
Preparing  Yourself  for  the  Experiment.  The  stu¬ 
dent  can  thus  read  the  proper  pages  in  his  par¬ 
ticular  text  before  answering  the  questions  and 
doing  the  experiment.  It  is  possible,  therefore, 
to  use  this  laboratory  workbook  with  almost  any 
chemistry  text.  On  page  vi  you  will  find  a  list 
of  the  fourteen  texts  to  which  page  references 
are  given  together  with  their  authors,  publishers, 
and  copyright  dates. 


SUGGESTED  COURSE 

For  your  convenience  the  authors  have  pro¬ 
vided  a  list  of  thirty-five  experiments  that  might 
be  considered  a  basic  laboratory  course.  These 
are  starred  in  the  table  of  contents.  However, 
teachers  may  select  any  of  the  experiments  and 
use  them  in  any  order  desired.  It  is  not  expected 
that  a  class  will  complete  all  of  the  experiments 
in  this  book  during  a  school  year.  Individual 
experiments  or  whole  units  may  be  omitted  at 
the  discretion  of  the  teacher  without  loss  of  con¬ 
tinuity.  A  class  consisting  entirely  of  boys  or  with 
boys  in  the  majority  might  show  no  interest  in 
such  units  as  Cosmetics  and  Textiles.  On  the 
other  hand,  a  class  of  girls  might  not  care  to  work 
with  Lubricants  and  Protective  Coatings.  Most 
rural  schools  will  want  to  do  the  soil  unit.  If 
your  classes  have  been  doing  forty-five  or  fifty 
experiments  a  year,  you  may  select  ten  or  fifteen 
experiments  to  be  done  in  addition  to  the  basic 
course.  Or  if  you  prefer,  you  may  allow  individual 
students  to  work  on  experiments  that  especially 
interest  them  after  they  have  completed  the  basic 
course. 


ORGANIZATION  OF  THE  COURSE 


Flexibility  has  been  deliberately  built  into  the 
experiments  of  this  book  in  order  to  give  the 
teacher  the  maximum  help  in  organizing  a  chem¬ 
istry  course.  There  are  at  least  three  ways  in 
which  this  book  may  be  used:  (1)  you  may 
organize  the  laboratory  work  around  your  pres¬ 
ent  chemistry  text  and  classroom  work,  selecting 
experiments  in  this  book  that  will  fit  in  with  the 
text  and  recitation  material;  or  (2)  you  may 
organize  your  classroom  work  around  selected 
units  and  experiments  in  this  book,  providing 
for  demonstration  experiments  and  discussion  of 
principles  learned  in  the  laboratory;  or  (3)  you 
may  retain  part  of  your  present  classroom  work 
while  making  a  place  for  demonstration  experi¬ 
ments  and  class  discussion  of  principles  growing 
out  of  the  experiments  selected  from  this  book. 

Individual  teachers  will,  of  course,  devise  varia¬ 
tions  on  these  three  suggested  ways  to  meet  their 


own  particular  situations.  During  the  first  year 
you  may  wish  to  use  the  first  way  suggested  | 


above.  Then,  as  you  become  more  familiar  with 
the  workings  and  possibilities  of  the  laboratory 
work,  you  may  want  to  change  to  either  of  the 
other  suggested  ways  the  second  year. 

Thus  you  will  be  able  to  work  out  the  necessary 
adaptations  in  the  classroom  and  laboratory  pro¬ 


cedures  from  personal  experience  with  the  ma¬ 


terial.  You  will  see  that  fundamental  chemical 
principles  are  developed  in  a  variety  of  situa- 


vm 


tions  with  different  materials.  This  not  only 
serves  to  demonstrate  the  wide  applicability  of 
the  principles  but  also  provides  for  reteaching 
them  in  new  relations  to  everyday  life. 

CONTENTS  OF  THIS  BOOK 

This  teacher’s  edition  includes  the  answers  to 
the  questions  in  the  experiments  and  also  direc¬ 
tions  for  doing  the  experiments  in  each  unit.  You 
will  find  the  directions  for  the  teacher  in  sections 
called  Suggestions  for  Teaching  the  Unit,  which 
follow  the  introductory  pages  of  each  unit.  There 
is  a  list  of  objectives,  principles,  and  skills  for  each 
unit,  showing  the  experiments  in  which  each  is 
developed.  Special  directions  are  given  for  each 
experiment  together  with  lists  of  apparatus  and 
materials  needed  for  ten  students  working  in 
pairs.  (The  complete  list  of  apparatus  and  ma¬ 
terials  is  at  the  back  of  the  book.) 

LABORATORY  HELPS 

To  save  the  teacher  time  and  effort,  twelve 
laboratory  helps  are  included  in  the  student’s 
edition.  These  will  be  found  on  the  back  pages 
at  the  beginning  of  units.  (Units  6  and  13  have 
no  laboratory  helps.)  They  include  such  informa¬ 
tion  as  using  a  graduate  and  balance,  heating 
liquids  and  solids,  using  a  funnel  and  filter  paper, 
handling  reagent  bottles,  and  working  with  glass 
tubing.  Refer  your  students  to  these  laboratory 
helps  for  more  detailed  instructions  on  using 
apparatus  than  can  be  given  in  the  directions  for 
individual  experiments. 

CLASS  DISCUSSION 

Most  chemistry  courses  have  three  class  recita¬ 
tion  periods  and  two  double  laboratory  periods 
each  week.  It  is  suggested  that  one  recitation 
period  be  devoted  to  discussion  of  chemical 
principles  and  consumer  applications  brought  out 
in  the  laboratory  work.  You  will  find  a  list  of 
suggested  topics  for  class  discussion  in  Sugges¬ 
tions  for  Teaching  the  Unit.  Any  wide-awake 
chemistry  teacher  will  be  able  to  add  many  more 
suggestions  for  discussion  than  we  have  given. 

SUGGESTED  PROJECTS 

This  book  is  an  outgrowth  of  the  project  method 
of  teaching  chemistry.  There  is  a  list  of  suggested 
projects  given  in  the  teaching  suggestions  for  the 
units.  Students  should  be  encouraged  to  discover 
and  solve  problems  of  their  own  in  the  laboratory. 
When  a  project  has  been  completed,  a  student 
may  wish  to  display  his  findings  or  products  in 
the  form  of  a  chart.  Such  displays  make  excellent 


material  for  a  science  fair,  a  school  assembly,  or 
an  open  house  for  parents.  If  you  have  shop 
classes  in  your  school,  some  of  the  students  may 
wish  to  make  pieces  of  apparatus  used  in  certain 
experiments.  The  chemistry  club  may  want  to 
work  out  some  of  the  projects  given  in  the  book. 
Projects  have  proved  to  be  one  of  the  most  ef¬ 
fective  ways  for  arousing  student  interest  in 
chemistry. 

ANSWERING  QUESTIONS 

Individual  teachers  will  of  course  work  out 
their  own  procedures  for  doing  the  experiments. 
However,  if  you  have  the  students  answer  the 
questions  in  Preparing  Yourself  for  the  Experi¬ 
ment  before  they  come  to  the  laboratory,  more 
time  will  be  available  for  experiments.  This  may 
not  be  possible  in  some  schools.  It  is  desirable 
to  have  the  students  answer  the  questions  in 
Conclusions  from  the  Experiment  before  leaving 
the  laboratory  while  the  results  are  still  fresh  in 
their  minds.  The  Consumer  Applications  may  be 
worked  out  later  if  no  more  time  is  available. 

Plenty  of  answer  space  has  been  given,  but 
students  should  be  discouraged  from  writing  more 
than  necessary  to  answer  a  question.  Long,  ram¬ 
bling  answers  are  usually  the  result  of  foggy 
thinking  rather  than  broad  knowledge.  We  have 
tried  to  make  the  answers  in  the  teacher’s  edition 
short  and  to  the  point.  Additional  information 
has  sometimes  been  added  in  parentheses.  In¬ 
dividual  teachers  will  demand  more  or  less  scien¬ 
tific  rigor  in  the  answers,  depending  on  the  class¬ 
room  work  and  chemistry  text  used.  Allowance 
should  also  be  made  for  differences  in  ability 
among  the  students.  Students  should  hand  in 
completed  experiments  for  checking  and  rating 
by  the  teacher,  who  will  then  return  them  to  the 
students.  A  large  envelope  or  a  notebook  may 
be  used  for  keeping  the  returned  experiments. 
If  you  give  a  laboratory  quiz  every  few  weeks, 
students  will  need  their  experiments  for  review. 

VALIDITY  OF  FINDINGS 

Much  of  the  material  (canned  goods,  milk, 
fuels,  cloth,  etc.)  used  in  this  course  must  be 
bought  in  local  stores.  For  comparative  purposes, 
it  is  advisable  to  buy  from  different  stores.  In 
comparing  brands  point  out  to  the  students  that 
the  results  they  obtain  and  the  conclusions  they 
draw  are  their  own.  The  results  and  conclusions 
can  be  no  more  accurate  than  a  student’s  work 
and  thinking.  If  the  student  does  careless  work 
and  sloppy  thinking,  his  conclusions  and  recom¬ 
mendations  as  to  “best  buys”  will  be  poor. 


IX 


REFERENCE  MATERIALS 

The  students  should  have  access  to  reference 
materials.  If  at  all  possible,  the  books  should  be 
kept  on  a  shelf  in  the  laboratory  so  that  students 
can  refer  to  them  as  needed  or  use  them  when 
they  finish  an  experiment  before  the  end  of  a 
laboratory  period.  The  shelf  should  contain  ad¬ 
vanced  chemistry  books,  general  science,  physies, 
biology,  and  physiology  texts,  non-fiction  science 
books,  biographical  sketches  of  scientists,  science 
magazines,  government  reports  and  bulletins, 
especially  those  from  the  consumer  division,  and 
technical  reports  from  consumer  agencies. 


CRITICISMS  AND  SUGGESTIONS 

Although  the  experiments  in  this  book  have 
been  developing  since  1933  and  have  been  revised 
many  times  in  the  light  of  actual  laboratory  ex¬ 
perience  with  several  thousand  students,  the  au¬ 
thors  are  fully  aware  that  further  improvement 
and  refinement  are  still  possible.  Criticisms  and 
suggestions  will  therefore  be  greatly  appreciated. 
We  sincerely  hope  that  classes  using  this  book 
will  show  the  same  enthusiasm  for  chemistry 
and  its  applications  as  the  hundreds  of  students 
who  used  these  experiments  at  Morton  High 
School  have  shown. 
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LIST  OF  SUBJECT-MATTER 


For  the  teacher’s  convenience  the  following  list 
of  principles,  skills,  tests,  and  subjects  is  included. 
The  list  is  by  no  means  complete,  since  only  the 
more  important  occurrences  of  certain  very  gen¬ 
eral  items  are  given.  Items  clearly  covered  in  the 
table  of  contents  are  not  listed  here.  In  every  case 
the  numbers  refer  to  the  experiments,  not  pages, 
where  the  principles,  skills,  tests,  and  subjects  are 

Absorption,  *3, 15,  *16,  41,  60,  61,  62,  *63 
Acetanilid  test,  *30 

Acids,  *4,  *5,  *6,  *7,  *8,  *9,  *13,  36,  *38,  39,  60,  61, 
62,  *63,  64,  68,  69,  70 
Adsorption,  *3,  41,  60,  61,  62,  *63 
Agricultural  chemistry,  64,  65,  66,  67,  68,  69,  70 
Alcohols,  *3,  *9,  27,  *31,  49,  *50,  *51,  *52,  *53,  54, 
57,  61,  *63 
Alkali,  *9,  *13,  70 
Aluminum  test,  *8,  69 
Aminopyrine  test,  *30 
Ammonia  test,  66 
Anhydride,  *3,  *4 
Ash,  21,  41 

Atomic  weight,  *50,  *53,  66,  67 
Babcock  test,  *20,  22 

Bases,  *4,  *5,  *6,  *7,  *8,  *9,  *10,  *11,  *12,  *13,  36, 
*38,  39,  57,  62,  64 

Benzoate  or  benzoic  acid  test,  17 
Bleaching,  *18,  62,  *63 
Boiling  point,  43,  *44,  *53,  54 
Borax  or  boric  acid  test,  *11, 17 
B.T.U.,  41,  42,  43 
Butterfat,  15,  19,  *20,  22 

Caffeine  test,  23,  *25 

Calcium  test,  68 

Calorie,  41 

Capillarity,  *51 

Carbohydrates,  *14 

Carbonate  test,  *8,  *11,  *28,  68 

Carbon  dioxide,  *8,  *11,  *25,  *28,  *40,  43,  68 

Carbon  monoxide,  *40,  42 

Catalyst,  *16 

Centrifuging,  *20,  22 

Chloride  test,  70 

Coal-tar  products,  19,  *25,  60,  61,  62 
Colloids,  *9, 15,  *31,  32,  *33,  35 
Combustion,  36,  *38,  *40,  41,  42,  43,  *44,  *47 
Compounds,  *3,  *4,  *5,  *6,  *7,  *8,  *9,  *10,  *11,  *12 
*13,  *14,  *16;  17,  *18,  27,  *28,  *30,  41,  42,  43,  *44, 
48,  49,  *50,  *51,  *52,  *53,  54,  *55,  56,  57,  *59,  60, 
61,  62,  *63,  64,  65,  66,  67,  68,  69,  70 
Conductivity,  *52 
Corrosion,  48,  *52,  *59 
Crystallization,  *3,  *30 


taught  or  used.  Starred  numbers  refer  to  experi¬ 
ments  in  the  suggested  course.  (See  page  viii.) 

You  will  notice  that  most  of  the  items  listed  be¬ 
low  occur  in  several  different  experiments.  This 
not  only  provides  for  reteaching  and  reusing  ideas 
already  learned  but  also  makes  it  possible  to  select 
experiments  that  will  fit  in  with  the  class  work  and 
chemistry  text  used. 

Decomposition,  *5,  *6,  *7,  *8,  *9,  *10,  *11,  17,  *18, 
*25,  *28,  48,  *55,  66,  68,  70 
Dehydration,  *3,  *20,  23,  32,  70 
Density,  *2 

Destructive  distillation,  42 

Direct  combination,  *7,  *16,  *18,  *40,  42,  43 

Distillation,  43,  *44 

Double  decomposition  or  replacement,  *5,  *6,  *7, 

*8,  *9,  *10,  *11, 17,  *18,  *28,  48,  *55,  66,  68,  70 
Dyes,  *25,  34,  35,  60,  61,  62 

Efflorescence,  *3 
Electrolysis,  *52,  *59 
Electromotive  series,  48,  *59 
Elements,  *4,  *5,  *8,  *14,  *40,  41,  42,  65,  66,  67,  68, 
69,  70 

Emulsions,  *9,  *31,  32,  *33,  35,  58 
English  system,  *1,  *2 

Equations,  *7,  *8,  *9,  *10,  *11,  *14,  *16,  17,  *18, 
*25,  27,  *28,  *40,  42,  43,  48,  *55,  66,  68,  70 
Esters,  *14, 15,  *16, 19 
Ethyl  alcohol  test,  54 
Ethylene  glycol  test,  54 
Evaporation,  *3,  *9, 15, 17,  23,  24,  *25,  32,  41 

Fats,  *9,  *14, 15, 19,  *20,  21,  22,  *31,  32,  *33 
Fatty  acids,  *9,  *14,  *31,  32,  *33 
Fertilizer,  64,  65,  66,  67,  68 
Filtration,  *8,  *13, 15,  *16,  24,  56,  58 
Formulas,  *3,  *4,  *7,  *8,  *9,  *10,  *11,  *14,  *16,  17, 
*18,  *25,  27,  *28,  *40,  42,  43,  48,  *50,  *55,  64,  66, 
67,  68,  70 

Freezing  point,  46,  *50 

Gas  formation,  *5,  *8,  *11, 17,  *18,  *28,  42,  48,  68 
Glucose  test,  *14 
Glycerine  test,  54 

Hard  water,  *10,  *11,  *12,  70 
Hydrate,  *3 

Hydrocarbons,  *41,  42,  43,  *44,  *47 

Hydrogen,  *4,  *5,  *16, 17,  *18,  42, 48 

Hydrogenation,  *16 

Hydrogen  sulfide,  17,  *18 

Hydrolysis,  *8,  *10,  *11,  *12,  *13,  *14,  64,  68 

Hygroscopic  substance,  *31 


xi 


Indicator,  *4,  *5,  *6,  *7,  *8,  *9,  *11,  *26,  36,  *38, 
42,  49 

Iodine  tests,  *14,  27 

Ionization,  *6,  *7,  *50,  *52,  *53,  *59 

Iron  test,  69 

Isopropyl  alcohol  test,  54 

Kindling  temperature,  43,  *44,  *47 

Magnesium  test,  29,  68 
Manganese  test,  69 
Melting  point,  *16,  46,  *50 
Methane,  42 
Methyl  alcohol  test,  54 
Metric  system,  *1,  *2 
Milk  test,  *20,  22 

Mineral  oils,  32,  *33,  43,  *45,  46,  *47,  48,  49 
Minerals  in  foods,  *14, 17,  *18 
Mixtures,  *3,  *8,  *13,  *14,  15,  19,  *20,  21,  22,  23, 
24,  *25,  *26,  *30,  *31,  32,  *33,  34,  35,  41,  42,  43, 
*44,  *47,  *50 

Molecular  weight,  *3,  *9,  *10,  *50,  *53,  66,  67,  68 
Mordant,  62 

Neutralization,  *5,  *6,  *7,  *9,  *26,  *28,  48,  49,  64,  68 
Nitrate  test,  65 
Nitrite  test,  65 

Normal  solution,  *6,  *7,  *30,  49 

Organic  acids,  *4,  *5,  *6,  *9,  *14,  *31,  *33,  *63 
Organic  chemistry,  *9,  *14,  15,  *16,  17,  *20,  21,  22, 
23,  24,  *25,  29,  *30,  36,  *38,  39,  42,  43,  *44,  54, 
*55,  57,  58,  60,  61,  62,  *63 

Oxidation,  17,  *18,  *40,  41,  42,  43,  *44,  *47,  54,  *55, 
56,  60,  61,  62,  *63 
Oxygen,  *4,  *5,  27,  *40,  42,  43 

pH  concentration,  64,  68 
Phenacetin  test,  *30 
Phenolphthalein  test,  *30 
Phosphate  or  phosphorus  test,  *11,  66 
Polarity,  *52 
Potassium  test,  67 

Precipitation,  *8,  *10,  *11,  *13,  17,  27,  *28,  29,  54, 
*55,  66,  68,  70 
Proteins,  *14 

Qualitative  analysis,  *4,  *5,  *8,  *11,  *14,  17,  *18, 
19,  23,  *25,  *28,  29,  *30,  32,  36,  *38,  39,  41,  43, 
*44,  48,  *52,  54,  64,  65,  66,  67,  68,  69,  70 


Quantitative  analysis,  *6,  *7,  *10,  *12,  15,  19,  *20, 
21,  22,  24,  32,  39,. 41,  43,  *44,  49,  54,  64,  65,  66, 
67,  68,  69,  70 

Reduction,  17,  *18,  *40,  41,  42,  43,  *44,  *47,  54,  *55, 
56,  60,  61,  62,  *63 
Relative  activity,  *13,  48,  *59 
Replacement,  *5,  *6,  *7,  *8,  *9,  *10,  *11,  17,  *18, 
*28,  42,  48,  *55,  66,  68,  70 
Replacement  series,  48,  *59 
Rusting,  48,  *52 

Salicylic  acid  test,  17 

Salts,  *3,  *5,  *6,  *7,  *8,  *9,  *10,  *11,  *12,  *13,  17, 
*18,  *26,  27,  *28,  29,  36,  37,  42,  *50,  *51,  *52,  *53, 
54,  *55,  56,  *59,  60,  *63,  64,  65,  66,  67,  68,  69,  70 
Saponification,  *9,  *10,  *13,  *31,  32,  *33,  49 
Separation,  *3,  *8,  *13,  15,  *16,  17,  *20,  22,  23,  24, 
*25,  32,  41,  54,  56 
Simple  decomposition,  *10,  *25 
Simple  replacement,  17,  *18,  42,  48 
Sodium  test,  70 

Solubility,  *7,  *10,  *12,  15,  19,  23,  24,  *25,  27,  34, 
*50,  *63,  64,  65,  66,  67,  68,  69,  70 
Solutions,  *3,  *18,  19,  *50,  *51,  *52,  *53,  54,  60,  61, 
62,  *63 

Solvents,  *3,  *18,  19,  32,  36,  *38,  39,  48,  49,  *50, 
*51,  *52,  *53,  54,  *55,  56,  57,  58,  61,  *63 
Specific  gravity,  43 
Starch  test,  *14 
Substitution,  17,  *18,  42,  48 
Sucrose  test,  *14 
Sugars,  *14 
Sulfate  test,  70 
Sulfite  test,  17 

Sulfur  dioxide,  17,  *18,  43,  56 
Suspensions,  *31,  *55 
Synthesis,  *7,  *16,  *18,  *40,  42,  43 

Tartrate  or  tartaric  acid  test,  8 

Titration,  *6,  *7,  *10,  *12,  49 

Vaporization  temperature,  43,  *44,  *53,  54 

Vegetable  oils,  *9,  *14,  *16 

Viscosity,  *45,  46,  *51 

Vitamins,  *14, 15, 17,  *18 

Volume,  *1,  *2 

Water  of  crystallization,  *3 
Water  softening,  *10,  *11,  *12,  *13 
Weight,  *2 
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UNIT 

1 


Measuring 


Did  you  ever  stop  to  realize  that  nearly  everything  you  buy  has  been  measured?  You 
order  gasoline  by  the  gallon  and  milk  by  the  quart.  Vegetables,  meat,  sugar,  and  candy 
are  a  few  of  the  things  you  ordinarily  buy  by  the  pound.  Cloth,  thread,  and  ribbon  are 
measured  off  in  yards.  Even  packaged  goods,  such  as  canned  fruits  and  vegetables,  soaps, 
crackers,  water  softeners,  and  flavoring  extracts,  have  all  been  measured.  Each  one  has  its 
own  weight  or  volume.  When  you  go  into  a  store  to  buy  a  loaf  of  bread  or  a  bottle  of  vine¬ 
gar,  you  are  buying  a  definite  weight  of  bread  or  a  definite  volume  of  vinegar.  The  govern¬ 
ment  requires  that  this  weight  or  volume  be  printed  on  every  container. 

Today  the  labels  of  some  cosmetic  preparations  are  marked  with  the  weight  in  grams  or 
the  volume  in  milliliters  instead  of  the  weight  in  ounces  or  the  volume  in  fluid  ounces.  Do 
you  know  whether  four  fluid  ounces  is  more  or  less  than  one  hundred  milliliters?  Can  you 
tell  if  two  ounces  is  more  or  less  than  fifty  grams?  Many  people  have  no  idea  how  much  a 
gram  or  a  milliliter  really  is. 

As  a  consumer,  you  need  to  know  the  relationships  that  exist  between  the  different  meas¬ 
uring  systems  used  by  manufacturers  and  distributors.  To  learn  these  relationships,  you 
must  become  acquainted  with  the  tools  used  for  measuring.  In  this  unit  you  will  use  differ¬ 
ent  types  of  measuring  tools.  Some  of  them  you  have  used  many  times  before,  but  others 
may  be  new  and  strange.  Be  sure  to  learn  how  to  use  them  with  accuracy. 

While  you  are  carrying  out  your  experiments  in  chemistry,  always  keep  in  mind  the  fact 
that  chemistry  is  an  exact  science.  And  an  exact  science  is  based  on  correct  reasoning  and 
precise  measurements.  Never  guess  at  a  result.  Test  and  measure  to  get  the  truth. 
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USING  A  GRADUATE  AND  BALANCE 


In  the  two  experiments  of  this  unit  you  are 
going  to  use  measuring  tools.  You  will  see  how 
important  it  is  to  measure  carefully  and  accu¬ 
rately  if  you  want  to  get  good  results.  The 
experiments  that  follow  in  the  other  units  of 
this  book  also  require  careful  and  accurate 
measurement.  In  fact,  it  would  be  impossible 
to  overemphasize  the  importance  of  measuring 
in  all  of  your  laboratory  work  in  chemistry. 
Now  is  the  time  for  you  to  learn  how  to  use 
certain  tools  effectively  so  that  your  work 
throughout  this  course  will  not  be  handicapped 
by  a  lack  of  knowledge  or  skill. 

Figure  1  shows  a  graduated  cylinder,  called 
a  graduate  for  short,  which  is  used  for  measur¬ 


ing  liquids.  It  has  a  scale  etched  in  the  glass, 
showing  the  volume  in  milliliters,  cubic  centi¬ 
meters,  or  in  some  cases  fluid  ounces. 

If  you  pour  some  liquid  into  a  graduate,  you 
will  notice  that  the  top  surface  of  the  liquid 
is  curved  and  not  flat.  This  curved  surface  is 
called  the  meniscus.  In  measuring  liquids  with 
a  graduate,  always  be  sure  that  your  eye  is  on 
a  horizontal  line  passing  through  the  lowest 
point  on  this  curved  surface.  Read  the  figure 
on  the  scale  that  is  level  with  this  point  (7.8 
in  the  figure  here).  If  your  eye  is  too  high  or 
too  low,  you  will  see  a  different  figure  on  the 
scale,  and  of  course  you  will  not  get  the  right 
volume. 
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F/GURE  1 


Figure  2  shows  a  balance,  which  is  used  for 
weighing  solids  and  liquids.  There  are  several 
different  kinds  of  balances.  You  can  weigh 
very  accurately  with  most  of  them,  but  a  triple¬ 
beam  balance  will  give  you  better  results  with 
less  time  and  effort.  No  matter  what  type  you 
use  in  your  chemistry  work,  remember  that  a 
balance  is  a  delicate  instrument.  It  must  be 
handled  with  care  at  all  times.  Otherwise  it 
will  be  damaged  or  put  out  of  adjustment. 

Never  set  anything  hot  on  the  weighing  plat¬ 
form  of  a  balance.  If  you  must  weigh  a  beaker, 
crucible,  or  evaporating  dish  in  which  some¬ 
thing  has  been  heated,  wait  until  it  has  cooled 
before  setting  it  on  the  weighing  platform. 
There  are  no  exceptions  whatever  to  this  rule. 

When  you  are  weighing  out  a  solid  sub¬ 
stance,  never  put  the  solid  directly  on  the 
weighing  platform,  no  matter  what  form  the 


solid  is  in.  Crystals,  lumps,  or  powders  should 
be  weighed  on  a  piece  of  paper  or  in  some  con¬ 
tainer.  Of  course  you  will  have  to  allow  for 
the  weight  of  the  holder  or  container  in  de¬ 
termining  the  weight  of  the  substance  being 
weighed.  Liquids  obviously  must  be  weighed 
in  a  container. 

To  use  a  beam  balance,  put  the  holder  or 
container  on  the  weighing  platform  and  move 
the  sliders  on  the  beams  until  the  pointer  stops 
at  the  zero  mark.  This  will  give  you  the  weight 
of  the  holder  or  container.  If  you  want  to 
find  out  how  much  an  unknown  amount  of  a 
substance  weighs,  place  it  carefully  in  the 
holder  or  container  and  readjust  the  sliders 
until  the  pointer  again  stops  at  the  zero  mark. 
To  get  the  weight  of  the  substance,  subtract  the 
weight  of  the  holder  or  container  from  this 
weight. 
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SUGGESTIONS  FOR  TEACHING  UNIT  1 


Precise  measurement  is  fundamental  in  labora¬ 
tory  courses  in  chemistry  and  physics.  The  pur¬ 
pose  of  both  experiments  in  this  unit  is  to  teach 
the  student  the  techniques  of  measuring  and 
weighing.  These  experiments  also  introduce  the 
units  of  weights  and  measures  used  throughout 
this  course  or  any  science  laboratory  course.  As 
a  consumer,  the  student  will  learn  something  of 
the  volumes  and  appearances  of  the  different 
commercial  containers  that  he  will  see  the  rest  of 
his  life. 

OBJECTIVES  OF  THE  UNIT 

1.  To  become  acquainted  with  the  metric  sys¬ 
tem  (Exp.  1,  2) . 

2.  To  understand  the  relationships  between  the 
units  of  the  metric  system  and  the  units  of  the 
English  system  (Exp.  1,  2). 

3.  To  stress  the  importance  of  reading  labels 
on  all  goods  purchased  (Exp.  1,  2) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  How  to  convert  the  metric  system  to  the 
English  system  and  vice  versa  (Exp.  1,  2) . 

2.  The  method  of  determining  the  apparent  and 
actual  volumes  of  containers  (Exp.  1,  2) . 

3.  A  system  of  calculating  a  “best  buy”  in  pack¬ 
aged  materials  (Exp.  1,  2) . 

4.  How  to  find  the  density  of  objects  (Exp.  2) . 

HINTS  TO  THE  TEACHER 

Experiment  1.  Explain  how  to  use  a  graduate, 
stressing  the  importance  of  keeping  the  eye  on  a 
horizontal  line  passing  through  the  meniscus. 
Bring  out  the  need  for  taking  the  readings  at  the 
lower  level  of  the  meniscus.  (See  the  laboratory 
help  on  page  2  of  the  book.) 

If  you  do  not  wish  to  use  a  fluid-ounce  gradu¬ 
ate,  have  the  students  do  their  measuring  with 
a  milliliter  graduate  and  then  convert  to  fluid 
ounces.  (One  fluid  ounce  is  equivalent  to  29.57 
milliliters.) 

To  obtain  a  sufficient  supply  of  odd-shaped  bot¬ 
tles  for  a  class,  ask  each  of  the  students  to  bring 
one  or  two  from  home.  Be  sure  that  the  bottles 
are  4  fluid  ounces  or  less.  They  should  include 
flavoring-extract  bottles,  perfume  bottles,  medi¬ 
cine  bottles,  and  the  like.  Can  sizes  are  quite 
standard.  Although  many  cans  do  not  have  the 
size  numbers  on  them,  you  can  identify  them  by 
referring  to  the  following  table.  Additional  infor¬ 
mation  can  be  obtained  from  the  American  Can 
Company  or  the  Continental  Can  Company. 


SIZE 

DIAMETER 

IN  INCHES 

HEIGHT 

IN  INCHES 

FLUID 

OUNCES 

8  Z  Short 

2% 

3 

8 

8  Z  Tall 

211/i6 

314 

8 

Picnic  No.  1  East 

2% 

4 

10 

12  oz. 

2' Vie 

4% 

1314 

No.  300 

3 

47/m 

14 

No.  1  Tall 

3146 

4^/16 

16 

No.  2 

3%6 

4%« 

20 

No.  2% 

4!4e 

4% 

28 

No.  3 

41/4 

4%6 

32 

No.  3  Squat 

414 

4146 

22 

No.  5 

514 

5% 

58% 

No.  10 

6%6 

7 

104 

Experiment  2.  This  is  the  time  to  show  the 
pupils  the  correct  use  of  a  balance.  Explain  the 
difference  between  a  triple-beam  balance  and  a 
double-pan  balance.  Be  sure  to  stress  the  rule 
that  no  hot  objects  should  be  placed  on  any  bal¬ 
ance  pan,  and  that  solids  should  always  be 
weighed  on  a  piece  of  paper  or  in  a  container. 
(See  the  laboratory  help  on  page  2  of  the  book.) 

Soap  flakes  are  recommended  for  this  experi¬ 
ment,  although  any  other  packaged  goods  may  be 
used.  You  may  use  the  same  containers  over  and 
over  again,  providing  you  mark  with  a  pencil  the 
highest  point  of  the  soap  flakes  in  the  boxes  when 
they  were  opened.  In  class  work  some  of  the 
material  is  often  spilled. 

If  the  bars  of  soap  are  too  large,  cut  them  in 
half  or  into  pieces  small  enough  to  be  lowered 
into  a  graduate  or  overflow  can  with  a  string.  To 
keep  the  soap  from  becoming  water  soaked,  dip 
it  in  melted  paraffin  before  giving  it  to  the  class. 

The  density  of  all  bars  of  soap  that  sink  is 
slightly  more  than  1.  Floating  soaps  have  a  density 
slightly  less  than  1  because  of  the  air  that  has  been 
whipped  into  the  soap  while  it  is  being  made. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

12  varying  sizes  and  shapes  of  bottles,  4  fluid 
ounces  or  less 

2  sets  of  four  tin  cans,  sizes  2,  214,  300,  etc. 

4  boxes  of  soap  flakes  of  different  brands 

4  bars  of  soap  of  different  brands 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

2  1000-ml  graduates  (or  pneumatic  troughs,  or 
overflow  cans,  and  beakers)  and  string 

2  graduates,  100-ml  and  fluild  ounce  graduation 
(or  5  10-ml  or  25-ml  graduates) 

2  yardsticks  (or  meter  sticks  or  rulers) 

1  balance,  preferably  triple-beam 


2a 


SUGGESTED  PROJECTS 

1.  Make  a  collection  of  different  types  of  con¬ 
tainers,  classifying  them  as  deceptive  or  non-de- 
ceptive. 

2.  List  the  canned  and  packaged  goods  that 
may  be  slack-filled. 

3.  Make  a  study  of  the  amount  of  solid  fruit  in 
different  brands  of  canned  fruit. 

4.  Measure  the  amount  of  empty  space  in  dif¬ 
ferent  brands  of  breakfast  cereal  and  determine 
the  percentage  of  empty  space  in  the  boxes. 


SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  Can  you  tell  how  much  a  bottle  holds  by 
looking  at  it? 

2.  What  units  are  used  to  express  the  volumes 
of  bottles? 

3.  Does  the  size  of  a  package  tell  you  how 
much  is  in  it? 

4.  Can  you  tell  how  much  food  a  can  holds  by 
looking  at  it? 

5.  What  safeguards  can  you  use  in  buying 
packaged,  canned,  or  bottled  goods? 
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NAME 


DATE 


PERIOD   RATING 


Experiment  1 

Can  you  always  tell  how  much  a  container 
holds  by  looking  at  it? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Have  you  ever  noticed  the  different  shapes 
of  bottles  and  cans  on  a  grocer’s  shelves  or  a 
druggist’s  counters?  Some  are  tall  and  slen¬ 
der;  others  are  short  and  thick.  Some  are 
round  and  some  are  square.  Some  bottles  have 
straight  sides,  while  others  have  bulging  or 
sloping  sides. 

You  want  an  attractive-looking  article,  and 
you  want  to  get  the  most  for  your  money.  But 
appearances  are  sometimes  deceiving.  The 
article  that  looks  best  or  seems  biggest  may 
not  be  the  most  economical. 

So  that  you  will  be  able  to  judge  values  cor¬ 
rectly,  acquaint  yourself  with  the  standard 
measuring  systems.  Use  your  chemistry  book 


as  a  reference.  Then  answer  the  following 
questions. 

Chemistry  and  Its  Wonders,  pp.  727-730 
Chemistry  and  You.  pp.  757-759 
Chemistry  at  Work.  p.  645 
Chemistry  jor  Secondary  Schools,  p.  41 
Chemistry  in  Use.  Inside  front  cover. 
Dynamic  Chemistry,  pp.  787-788 
First  Book  in  Chemistry,  pp.  613-615 
First  Principles  of  Chemistry,  pp.  197-198 
First  Year  of  Chemistry,  pp.  18-20,  26,  546 
Modern  Chemistry,  pp.  10,  89 
Modern-Life  Chemistry,  p.  741 
New  Practical  Chemistry.  Inside  back  cover. 
New  World  of  Chemistry,  p.  679 


1.  Name  three  units  of  length  in  the  English  system,  (a)  . .  (b) . . 

Yard  (rod,  mil©,  etc.) 

2.  Name  three  units  of  length  in  the  metric  system,  (a) . Meter .  (6)  ..Centimeter 


c)  Kilometer  (millimeter,  etc.) 

3.  How  many  millimeters  are  there  in  an  inch?  ?5^..mm 

4.  How  many  centimeters  are  there  in  a  yard?  ?.^.:......cm 

5.  (a)  Which  is  longer,  a  meter  stick  or  a  yardstick?  1 .  (b)  How  much 

longer?  Give  your  answer  in  both  inches  and  centimeters.  ..5/3.7. in.  or  8.36.  .cm 

6.  (a)  What  is  the  name  for  a  cube  1  centimeter  long,  1  centimeter  wide,  and  1  centimeter 

high?  .  (b)  How  many  milliliters  does  it  equal?  . 7 . ml 

7.  How  many  milliliters  are  there  (a)  in  a  fluid  ounce?  f?.9.».57.ml  (b)  In  a  liquid  quart? 


j^f6/.3.ml  (c)  In  a  liter?  .l.QQQ..ml 

8.  (a)  Which  is  larger,  a  liter  or  a  liquid  quart?  . *4.^.®?! .  (b)  How  much  larger? 

Give  your  answer  in  both  milliliters  and  fluid  ounces.  ..'?.^.*.7..ml  or  ®"k_fl.  oz. 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  At  least  four  bottles  holding  four  fluid  ounces  or  less  and  having  different 
shapes.  Four  or  more  empty  tins  cans  of  different  sizes,  if  possible  carrying  the  size  numbers 
2,  2 Vfe,  300,  etc. 

apparatus  needed:  Two  graduates,  one  marked  in  milliliters  (100  ml)  and  one  in  fluid  ounces. 
1000  ml  graduate  (or  pneumatic  trough,  or  overflow  can,  and  beaker).  String. 


a.  Volume  of  bottles.  A  purchaser  is  some¬ 
times  attracted  by  the  shape  and  appearance 
of  a  bottle  rather  than  by  the  volume  it  will 
hold.  In  this  part  of  the  experiment  you  are 
going  to  compare  the  actual  volumes  of  bottles 
with  their  apparent  volumes.  The  actual  vol¬ 
ume  is  how  much  the  bottle  will  really  hold, 
while  the  apparent  volume  is  the  amount  of 
space  the  bottle  occupies. 

The  State  of  North  Dakota  recommends  that 
the  apparent  volume  divided  by  the  actual  vol¬ 
ume  should  be  1.5  or  less.  This  recommenda¬ 
tion  is  at  present  favored  by  the  F ederal  F ood 
and  Drug  Administration. 

To  find  the  actual  volume,  fill  each  of  the 
empty  bottles  with  water  to  the  top  of  the 
mouth.  Measure  this  water  by  carefully  pour¬ 
ing  it  into  your  graduate  marked  in  100  mil¬ 
liliters.  Record  your  results  in  the  table. 

To  find  the  apparent  volume,  fill  the  bottles 
as  before.  Then  fill  the  1000  ml  graduate  ex¬ 
actly  half  full  of  water.  Tie  a  string  around  the 
neck  of  a  bottle  and  lower  it  into  the  graduate 
until  it  is  completely  covered  with  water.  Now 
notice  the  height  of  the  water  in  the  graduate. 
Subtract  500  from  this  height  to  get  the  appar¬ 


ent  volume  of  the  bottle.  (If  you  use  a  pneu¬ 
matic  trough  or  overflow  can,  fill  it  up  to  the 
overflow  spout  with  water.  Then  lower  the 
bottle  until  it  is  completely  covered,  catching 
the  water  that  flows  out  in  a  beaker.  Measure 
the  water  in  the  beaker  with  your  100  ml 
graduate. ) 


Repeat  with  the  other  bottles  and  record 
your  results  in  the  table.  Now  make  your  cal¬ 
culations  by  dividing  the  apparent  volume  by 
the  actual  volume  for  each  bottle.  Then  fill  in 
the  last  column  of  the  table. 


GLASS 

BOTTLE 

ACTUAL 

VOLUME 

APPARENT 

VOLUME 

APPARENT  VOLUME 

DIVIDED  BY  ACTUAL  VOLUME 

Recommended  or 

Not  Recommended 

b.  Volume  of  cans.  Fruits,  vegetables,  and 
other  things  are  packed  in  cans  of  different 
sizes.  It  is  not  always  easy  to  tell  how  much 
more  one  can  holds  than  another  just  by  look¬ 
ing  at  them.  In  this  part  of  the  experiment  you 
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are  going  to  compare  the  volumes  of  various 
cans.  Fill  each  tin  can  with  water  up  to  the 
rim.  Then  measure  the  volume  of  each  of  the 
cans  with  both  your  milliliter  and  fluid-ounce 
graduates.  Record  your  results  in  the  table. 
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NAME _  _  DATE _  PERIOD  RATING 


TIN  CAN 

VOLUME 

IN  ML 

VOLUME 

IN  FL.  OZ. 

TIN  CAN 

VOLUME 

IN  ML 

VOLUME 

IN  FL.  OZ. 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Can  you  always  tell  how  much  a  container  holds  by  looking  at  it?  . ?.0.....  Give  some 

reasons  for  your  answer.  .C^0.^11. 7^....^.^  . 

glass,  false  bottom,  odd  shape,  optical  illusion,  etc.) 


2.  Even  though  a  bottle  is  made  of  thick  glass  or  has  an  odd  shape,  how  can  you  tell  how  much 

,  n ,  ...  ,  0  Bead  label  that  shows  weight  or  volume  as 

it  holds  without  measuring  its  contents?  . . 9 . 

required  by  law. 


3.  (a)  Which  is  larger,  a  No.  2V2  can  or  a  No.  300  can?  ?8.#...?r.?. .  (b)  How  much  larger? 

Give  your  answer  in  both  milliliters  and  fluid  ounces.  ..^.^....ml  or  ....^.....fL  oz. 


CONSUMER  APPLICATIONS 

1.  Suppose  you  are  going  to  buy  some  cold  cream  and  are  examining  two  identical  products. 
One  is  labeled  5V£  fl.  oz.  and  the  other  250  ml.  Which  is  the  “best  buy”  if  both  sell  for  fifty  cents? 

250  ml  why?  f1,  02 •  “  nil  25O  ml  size  is  87.37  larger. 


2.  A  can  of  peas,  size  No.  2V6,  costs  fifteen  cents.  What  should  a  No.  300  can  of  the  same  kind 
of  peas  cost?  ...74. ...cents.  Show  your  calculations.  .  .??.! . . ?4. . . .^.1. ?.?..*...?99. . 

holds  lk  fl.  oz.  1^. . T28=iixi5c0 nte  = _  7  4  c  ® nts . 
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3.  If  you  were  going  to  buy  some  green  olives  put  up  in  bottles  and  had  a  choice  of  three  dif¬ 
ferent  brands  of  the  same  quality,  how  would  you  go  about  getting  the  “best  buy”?  . 

will  vary.  Should  include  reading  label  to  find  weight  or  volume,  then  figur¬ 
ing  cost  per  ounce  to  determine  best  buy. ) 


4.  You  wish  to  use  canned  pears  and  peaches  in  making  salads  and  want  to  get  as  much 
solid  fruit  as  possible.  Tell  how  you  would  decide  which  brand  to  buy. 

Sh ould  include  reading  label  to  find  we  ight  or  v plume ,  figur ing  cost  per  ounc e 
and  estimating  amount  of  whole  fruit. ) 
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NAME 


DATE 


PERIOD 


2 


RATING 


Experiment  2 

Does  the  size  of  a  package  tell  you  how  much  is  in  it? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Did  you  ever  buy  a  box  of  candy  at  a  carni¬ 
val  or  circus?  Perhaps  you  thought  you  got  a 
bargain  until  you  opened  the  box  and  found 
only  a  few  small  pieces  of  candy  in  a  space 
large  enough  to  hold  several  times  that 
amount. 

Something  like  this  may  sometimes  be  true 
of  other  things  you  buy.  Do  you  realize  that 
you  often  buy  things,  thinking  you  are  getting 
more  for  your  money  just  because  the  package 
is  big? 

In  this  experiment  you  are  going  to  work 
with  packaged  material.  Pay  special  attention 
to  the  weight  that  the  government  requires  to 
be  printed  on  each  package.  Many  people  buy 
packaged  materials  without  reading  the  labels. 


To  help  you  understand  this  experiment, 
refer  to  your  chemistry  book  and  then  answer 
the  following  questions. 

Chemistry  and  Its  Wonders,  pp.  727-730 
Chemistry  and  You.  pp.  757-759 
Chemistry  at  Work.  p.  645 
Chemistry  for  Secondary  Schools,  p.  41 
Chemistry  in  Use.  Inside  front  cover. 
Dynamic  Chemistry,  pp.  787-788 
First  Book  in  Chemistry,  pp.  613-615 
First  Principles  of  Chemistry,  pp.  197-198 
First  Year  of  Chemistry,  pp.  18-20,  26,  546 
Modern  Chemistry,  pp.  10,  89 
Modern-Life  Chemistry,  p.  741 
New  Practical  Chemistry.  Inside  back  cover. 
New  World  of  Chemistry,  p.  679 


1.  What  is  the  standard  unit  of  weight  in  the  metric  system?  ..9???®..  . 

28  55  455  59 

2.  How  many  grams  are  there  ( a )  in  an  ounce?  .....*  /..gm  (b)  In  a  pound?  .gm  (c)  In 

a  kilogram?  9.99.9. ..gm 

2  9  4556 

3.  (a)  One  kilogram  equals _ *. . pounds,  (b)  One  pound  equals  kilogram. 

4.  (a)  What  does  the  word  density  mean?  Wtity  of  matter  (weight  )  per  unit  of 


volume . 


b)  How  can  you  find  the  density  of  an  object?  Measure  vei8ht  and  volume.  Weight  di- 
vided  by  volume  equals  density. 


c)  What  is  the  density  of  water?  1  00-..  ,(at.  C-.lwel8hs  1  . 

5.  Explain  what  net  weight  means.  of  actual  material  in  contaiiwr,  but 

not  including  weight  of  container. . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Boxes  of  four  different  brands  of  soap  flakes.  F our  different  brands  of  bar 
soap,  one  of  which  should  be  a  floating  soap. 

apparatus  needed:  Yardstick  or  ruler.  Good  balance,  preferably  triple-beam.  1000  ml  gradu¬ 
ate  ( or  pneumatic  trough,  or  overflow  can,  beaker,  and  graduate ) .  String. 


a.  Soap  flakes.  In  this  part  of  the  experiment 
you  are  going  to  find  out  what  percentage  of  a 
box  of  soap  flakes  is  empty  space.  Using  your 
yardstick  or  ruler,  carefully  measure  the  out¬ 
side  dimensions  of  each  box  of  soap  flakes. 
Calculate  the  volume  of  each  box  by  multiply¬ 
ing  the  height  by  the  width  by  the  depth.  Re¬ 
cord  the  volumes  in  the  table. 

Now  open  the  boxes  carefully.  Without 
packing  or  crushing  down  the  soap  flakes, 
measure  and  calculate  the  volume  of  empty 
space  at  the  top  of  each  box. 

Calculate  the  volume  of  soap  flakes  in  each 
box  by  subtracting  the  volume  of  empty  space 


from  the  volume  of  the  box.  Record  your  re¬ 
sults  in  the  table. 

The  only  fair  way  to  make  comparisons  is 
by  using  percentages.  Obviously  a  box  with 
a  volume  of  240  cubic  inches  and  20  cubic 
inches  of  empty  space  is  quite  different  from 
one  with  a  volume  of  120  cubic  inches  and  20 
cubic  inches  of  empty  space.  For  that  reason 
calculate  the  percentage  of  empty  space  in 
each  box  by  dividing  the  volume  of  empty 
space  by  the  volume  of  the  box  and  then  multi¬ 
plying  by  100.  Record  your  results  in  the 
table.  Now  compare  the  different  boxes  of 
soap  flakes. 


BRAND  OF  SOAP  FLAKES 

VOLUME  OF  BOX 

VOLUME  OF  EMPTY 

SPACE 

VOLUME  OF  FLAKES 

%  OF  EMPTY 
SPACE 

b.  Bar  soaps.  In  this  part  of  the  experiment 
you  are  going  to  find  the  density  of  various 
brands  of  bar  soap.  (If  a  bar  of  soap  is  too  big 
to  fit  in  your  1000  ml  graduate  or  overflow  can, 
cut  the  bar  into  pieces  that  will  fit  before 
weighing  it  or  measuring  its  volume.) 

First  weigh  each  bar  of  soap  and  record  its 
weight  in  the  table.  Next  you  must  find  the 
volume  of  each  bar.  Because  bars  of  soap  are 
not  perfectly  rectangular,  you  cannot  accu¬ 
rately  find  the  volume  by  measuring  the  out¬ 
side  dimensions  with  a  yardstick  or  ruler.  You 
must  use  the  same  method  you  used  in  Part  a 
of  Experiment  1. 

To  find  the  volume  of  each  bar  of  soap,  fill 
the  1000  ml  graduate  exactly  half  full  of  water. 
Tie  a  string  around  a  bar  of  soap  and  lower  it 
into  the  graduate  until  it  is  entirely  covered 


with  water.  (With  the  floating  soap  you  will 
have  to  use  a  pencil  or  piece  of  glass  tubing 
to  push  the  bar  under  water. ) 

Now  notice  the  height  of  the  water  in  the 
graduate.  Subtract  500  from  this  height  to  get 
the  volume  of  the  bar  of  soap.  (If  you  use  a 
pneumatic  trough  or  overflow  can,  fill  it  up  to 
the  overflow  spout  with  water.  Then  lower  the 
bar  of  soap  until  it  is  completely  covered, 
catching  the  water  that  flows  out  in  a  beaker. 
Measure  the  water  in  the  beaker  with  your 
graduate. ) 

Repeat  with  the  other  bars  and  record  your 
results  in  the  table.  Then  calculate  the  density 
of  each  bar  by  dividing  the  weight  by  the 
volume. 

Now  compare  the  densities  of  the  four  dif¬ 
ferent  bars  of  soap. 
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NAME  DATE  PERIOD  RATING 


BRAND  OF  BAR  SOAP 

WEIGHT  IN  GM 

VOLUME  IN  ML 

DENSITY 

0 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Does  the  size  of  a  package  tell  you  how  much  is  in  it?  .  Give  some  reasons  for  your 

answer  (Anewere  will  vary.  Opaque  package  "be  only  partially  filled,  air 

may  he  present,  shapes  are  deceiving,  etc.) 


2.  What  is  the  best  way  to  tell  how  much  a  packaged  material  actually  contains? . 

its  weight  and  volume.  Read  label. 


3.  (a)  Is  the  percentage  of  soap  flakes  likely  to  be  the  same  in  a  large  box  as  in  a  small  box? 

.  (b)  Which  is  usually  the  “best  buy”?  . 

4.  (a)  Did  all  the  bar  soaps  you  tested  have  the  same  density?  (b)  If  not,  which  con¬ 
tained  more  soap,  the  more  dense  or  the  less  dense?  . . . 

5.  Before  being  made  into  bars,  floating  soap  is  beaten  vigorously  until  it  is  full  of  tiny 

bubbles.  What  do  the  bubbles  contain  that  makes  the  soap  float?  . . 

6.  Is  a  floating  soap  more  dense  or  less  dense  than  water?  . 

7.  If  a  large  bar  of  soap  will  not  fit  into  your  graduate  or  overflow  can,  you  can  cut  a  piece 
off  the  bar  and  find  the  density  of  the  piece.  Will  the  density  of  the  piece  be  the  same  as  that 

.  0  Yes  Density  is  weight  per  unit  of  volume. 

of  the  whole  bar?  ...  ..  Give  your  reasons . .?. . P. . 5. . 

If  sample  is  uniform,  size  of  piece  will  not  affect  density. 
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CONSUMER  APPLICATIONS 

1.  Two  packages  of  soap  flakes  of  exactly  the  same  quality  cost  20  cents  each,  but  one  contains 
18  oz.  and  the  other  20  oz.  (a)  How  much  money  does  a  housewife  lose  if  she  buys  the  18  oz. 

package?  . cents,  (b)  If  a  family  uses  36  oz.  of  soap  flakes  a  week,  how  much  money 

would  be  saved  during  a  year  by  buying  the  20  oz.  package?  ...T.. .  Show  your  calculations. 

36  oz.  of  18  oz.  package  cost^Ocents.  3 6  oz .  of  20  oz .  package  cost  36 

cents.  Saving  4  cents  a  week  for  52  weeks  equals  $2.08  (52  x  .04). 

2.  Two  bars  of  soap  each  have  a  volume  of  120  ml  and  each  costs  10  cents.  Bar  A  has  a  density 
of  .9  and  bar  B  has  a  density  of  1.1.  (a)  What  is  the  weight  in  grams  of  each  bar?  A  ..?:9§....gm 

B  l?.? . gm  Show  your  calculations.  IolVB#_X  . 120  i  .9  =108 . 

120  x  1.1  =  132 


b)  If  the  cleansing  qualities  of  the  two  bars  are  the  same,  which  is  the  “best  buy”?  . 

3.  Suppose  you  can  buy  the  same  quality  of  shredded  coconut  in  a  sealed  package  or  in  bulk. 

Tell  how  you  would  decide  which  was  the  “best  buy.”...FiM.  co0t.  ^r.  .of..each*. . 

One  with  lower  cost  per  pound  is  "best  buy." 


4.  You  have  a  choice  of  two  brands  of  breakfast  cereal  made  of  wheat  flakes.  The  boxes  are 
the  same  size,  but  the  prices  and  net  weights  are  different.  How  would  you  decide  which  to  buy? 

Calculate  cost  per  ounce  for  each  brand.  One  with  lower  cost  per  ounce  ie 
"best  buy." 


5.  In  a  store  you  cannot  check  the  weight  or  measure  the  volume  of  packaged  material  very 

conveniently.  What  can  you  always  do  before  buying  an  article  sold  in  a  package?  . 

label  and  calculate  cost  per  ounce  (weight  or  volume ). 
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UNIT 
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Household  Chemicals 


Do  you  know  what  chemicals  you  have  in  your  home?  You  and  your  family  use  many 
different  kinds  every  day.  Do  you  realize  that  most  of  the  substances  found  on  the 
shelves  of  your  pantry  and  medicine  cabinet  are  compounds,  or  more  likely,  are  mixtures 
of  many  compounds?  They  are  useful  to  us  because  in  most  cases  they  can  undergo  cer¬ 
tain  definite  chemical  changes. 

Of  all  compounds  known,  water  is  the  most  common  and  also  the  most  important.  Water 
undergoes  some  chemical  reactions,  but  it  is  most  valuable  because  it  will  dissolve  more 
substances  than  any  other  known  compound.  It  is  present,  in  varying  amounts,  in  most  of 
the  materials  with  which  we  come  in  contact  every  day. 

Water  is  a  necessary  ingredient  in  many  manufactured  products.  But  because  it  is  such 
a  good  solvent,  water  sometimes  really  becomes  an  adulterant.  Thousands  of  gallons  of  water 
are  purchased  every  year  by  people  who  do  not  realize  that  they  are  buying  water. 

Soaps,  water  softeners,  scouring  powders,  tooth  powders,  baking  powder,  vinegar,  and 
ammonia  are  some  of  your  many  household  chemicals.  Some  of  these  contain  water,  while 
others  do  not.  Many  times  the  water  is  needed  to  bring  about  certain  changes.  At  other 
times  it  serves  no  useful  purpose.  For  example,  water  in  soap  helps  in  making  suds,  but 
water  in  salt  keeps  the  salt  from  running  out  of  a  shaker  freely. 

Your  household  chemicals  can  be  divided  into  three  general  groups:  those  which  are  acids, 
those  which  are  bases,  and  those  which  are  neutral.  In  this  unit  you  will  classify  your  house¬ 
hold  chemicals  into  these  groups.  You  will  also  learn  some  of  the  ways  of  detecting  and 
measuring  the  amount  of  water  in  common  substances. 
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USING  A  BURETTE  AND  PIPETTE 


To  do  some  of  the  experiments  in  this  book, 
you  will  need  to  use  a  burette  and  a  pipette. 
Read  the  following  instructions  carefully. 

A  burette  is  used  to  measure  the  volume  of 
liquids  when  each  drop  must  be  measured.  It 
is  the  usual  device  used  to  determine  the  vol¬ 
ume  of  an  acid  and  the  volume  of  a  base  needed 
to  neutralize  each  other.  This  process  is  known 
as  titration.  The  large  numbers  on  the  burette 
represent  milliliters  or  cubic  centimeters.  The 
small  marks  between  the  numbers  represent 
tenths  of  a  milliliter  or  cubic  centimeter. 

When  you  are  going  to  use  a  burette,  be  sure 
that  it  is  clean.  Rinse  it  out  with  water.  Then 
rinse  it  at  least  once  with  10  or  15  ml  of  the 
solution  you  are  going  to  use  and  let  that  solu¬ 
tion  run  through  the  glass  tip  into  the  sink. 

Fill  your  burette  above  the  zero  mark  and 
clamp  it  in  position  on  the  ringstand.  Open 
the  pinch  clamp,  letting  enough  of  the  solution 
flow  out  of  the  nozzle  so  that  there  are  no  air 
bubbles  either  in  the  nozzle  or  in  the  tubing. 
Be  sure  that  there  are  no  leaks. 


You  are  now  ready  to  read  your  burette. 
Do  this  in  the  same  way  as  you  would  read  a 
graduate,  being  sure  that  your  eye  is  on  a  hori¬ 
zontal  level  with  the  meniscus.  Sometimes  the 
lower  line  of  the  meniscus  will  not  be  exactly 
on  one  of  the  graduation  lines.  You  will  then 
estimate  what  the  second  decimal  should  be. 

Record  your  first  reading  on  a  piece  of 
paper.  Do  not  try  to  get  your  first  reading 
exactly  at  zero.  This  wastes  time  and  is  not 
necessary. 
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Place  the  beaker  or  Erlenmeyer  flask  into 
which  you  are  going  to  titrate  underneath  the 
glass  tip  and  open  the  pinch  clamp,  letting  a 
small  amount  of  the  solution  from  the  bur¬ 
ette  flow  into  the  beaker  or  flask.  If  you  are 
using  a  beaker,  stir  the  solution  with  a  glass 
rod.  If  you  are  using  a  flask,  shake  it  with  a 
rotary  motion  to  mix  the  two  solutions.  Be 
sure  that  none  of  the  solution  is  spilled. 

Place  your  beaker  or  flask  over  a  piece  of 
white  paper  so  that  you  can  see  the  color 
change  more  easily.  As  soon  as  you  notice  the 
slightest  color  change,  add  solution  from  the 
burette  a  drop  at  a  time.  Shake  or  stir  after 
each  drop.  When  the  desired  color  change 
appears,  stop  adding  solution  and  read  your 
burette  just  as  you  did  at  the  start.  Subtract 
your  first  reading  from  your  second  reading. 
The  figure  that  you  get  will  show  the  number 
of  milliliters  or  cubic  centimeters  of  solution 
you  used. 

Always  repeat  the  procedure  on  another 
sample  of  the  same  material  to  check  your  re¬ 
sults.  If  your  results  do  not  check,  repeat  until 
they  do.  If  you  have  any  solution  left  in  your 
burette  when  you  have  finished  titrating,  pour 
it  into  the  sink  and  not  back  into  the  bottle. 

Pipettes  are  also  used  for  measuring  the  vol¬ 
ume  of  liquids.  They  usually  measure  only 
one  volume  such  as  5  ml,  10  ml,  25  ml,  etc.  This 
number  is  etched  on  the  glass. 

Draw  the  solution  that  you  are  going  to 
measure  into  the  pipette  by  sucking  gently. 
While  the  pipette  is  still  in  your  mouth,  put 
your  first  finger  over  the  end  to  keep  the  solu¬ 
tion  from  running  out.  Now  rotate  the  pipette 
carefully  between  your  thumb  and  middle 
finger.  This  will  let  a  small  amount  of  air  into 
the  pipette,  causing  the  liquid  level  to  fall. 
Stop  rotating  as  soon  as  the  level  falls  so  that 
the  meniscus  is  on  the  graduation  mark.  You 
now  have  the  required  volume. 

In  emptying  a  pipette,  do  not  blow  out  the 
last  drop.  Pipettes  are  made  to  deliver  a 
definite  volume  of  liquid. 

Do  not  use  a  pipette  to  measure  ammonia, 
concentrated  solutions,  or  poisons  until  you 
have  had  considerable  laboratory  experience. 
It  is  much  safer  to  use  a  graduate  to  measure 
out  such  liquids. 


SUGGESTIONS  FOR  TEACHING  UNIT  2 


Many  students  never  associate  their  school 
work  with  their  everyday  life.  This  is  especially 
true  of  chemistry.  In  this  unit  you  will  find  ex¬ 
periments  that  are  aimed  to  show  how  common 
materials  undergo  chemical  reactions  as  they  are 
put  to  their  daily  use.  You  will  find  here  a  sim¬ 
ple  introduction  to  the  very  important  chemical 
principle  of  neutralization.  The  unit  not  only 
stresses  the  importance  of  water  in  chemical  ac¬ 
tion  but  also  shows  that  water  may  be  an  adulter¬ 
ant. 

OBJECTIVES  OF  THE  UNIT 

1.  To  learn  where  water  may  be  found  in  sub¬ 
stances  and  how  it  may  be  identified  {Exp.  3) . 

2.  To  be  able  to  recognize  acids  and  bases 
(Exp.  4). 

3.  To  understand  simple  neutralization  (Exp. 

5,  6,  7). 

4.  To  become  acquainted  with  the  reactions  of 
acid  salts  (Exp.  8) . 

5.  To  learn  how  to  determine  the  “best  buy” 
when  the  percentage  of  composition  is  given  (Exp. 

6,  7). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  effect  of  water  of  crystallization  (Exp. 

3). 

2.  The  characteristics  of  water  absorbed  and 
water  adsorbed  (Exp.  3). 

3.  The  behavior  of  acids  and  bases  (Exp.  4,  5, 
6,  7,  8). 

4.  The  use  of  indicators  (Exp.  4,  5,  6,  7). 

5.  The  behavior  of  acid  and  basic  anhydrides 
(Exp.  3,  4) . 

6.  Neutralization  (Exp.  5,  6,  7) . 

7.  The  solubility  of  a  gas  in  water  (Exp.  7) . 

8.  Hydrolysis  (Exp.  8). 

9.  The  methods  of  determining  “best  buys” 
(Exp.  3,  6,  7). 

HINTS  TO  THE  TEACHER 

Experiment  3.  In  determining  the  water  of 
dilution  you  may  use  other  canned  goods  than 
peas,  such  as  beans,  beets,  and  corn.  The  only 
requirement  is  that  the  water  can  be  easily  re¬ 
moved.  If  you  wish  to  use  the  same  cans  over  and 
over  again,  add  a  pinch  of  sodium  benzoate  to  the 
vegetables  when  they  are  first  opened  and  tell 
your  students  not  to  eat  them.  Have  the  students 
fill  the  cans  with  water  after  they  have  finished 
measuring.  Four  cans  of  any  vegetable  is  usually 
sufficient  for  a  class  of  ten  students. 

Under  Part  c  ( Water  of  absorption  and  adsorp¬ 
tion)  ,  it  is  sometimes  advisable  to  let  the  students 


furnish  the  materials.  They  may  have  some  par¬ 
ticular  type  of  merchandise  that  they  would  like 
to  test.  In  Part  D  ( Water  in  solutions ) ,  you  may 
substitute  kerosene  or  gasoline  for  the  denatured 
and  absolute  alcohol  called  for  in  the  experiment 
if  absolute  alcohol  is  not  available.  Be  sure  that 
your  gasoline  does  not  contain  any  water.  Other¬ 
wise  the  student  will  miss  the  point  that  the  blue 
color  of  copper  sulfate  is  caused  by  the  water  of 
crystallization. 

Experiment  4.  In  recognizing  acids  and  bases 
be  sure  that  the  students  become  acquainted  with 
the  different  types  of  indicators.  In  Part  c  (Test¬ 
ing  household  chemicals ) ,  stress  the  importance 
of  using  solutions  to  determine  whether  a  sub¬ 
stance  reacts  with  litmus.  (Part  c  is  the  con¬ 
sumer  application  of  this  experiment.) 

Experiment  5.  In  this  experiment  you  can 
check  to  see  if  the  student  has  learned  the  prin¬ 
ciples  of  neutralization.  In  Part  d,  explain  that 
the  souring  of  milk  is  brought  about  by  bacterial 
action,  which  produces  lactic  acid,  and  not  by  the 
addition  of  any  particular  acid. 

Experiment  6.  In  determining  the  amount  of 
acetic  acid  in  vinegar,  use  vinegars  in  different¬ 
sized  containers  and  with  different  percentages  of 
acetic  acid.  It  is  a  good  idea  to  use  one  sample  of 
bulk  vinegar.  Be  sure  that  the  students  continue 
titrating  samples  of  vinegar  until  their  results 
check. 


It  is  advisable  to  prepare  enough  .1  normal  so¬ 
lution  of  sodium  hydroxide  so  that  the  entire  class 
uses  exactly  the  same  concentration  of  solution. 
Since  the  results  will  be  comparative,  the  stan¬ 
dard  base  will  not  have  to  be  standardized  unless 
you  wish  to  do  so.  To  prepare  the  .1  normal  solu¬ 
tion,  weigh  out  4  grams  of  solid  sodium  hydroxide 
for  each  liter  of  solution  needed. 

This  may  be  conveniently  stored  for  class  use 
by  using  the  container  shown  above.  Students 
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should  fill  their  burettes  directly  from  this  bottle. 
Have  students  refer  to  the  laboratory  help  on 
page  12  to  learn  titration  procedure. 

Experiment  7.  In  determining  the  amount  of 
hydroxide  in  household  ammonia,  the  procedure 
is  almost  identical  to  that  in  Experiment  6.  Make 
the  .5  normal  solution  of  hydrochloric  acid  by 
diluting  12  N  HC1  with  water.  Use  41%  ml  of 
12  N  HC1  for  each  liter  of  solution  desired.  Keep 
the  solution  in  the  type  of  container  shown  in  the 
diagram  on  page  12a. 

Experiment  8.  In  selecting  baking  powders  for 
this  experiment,  buy  brands  that  represent  the 
three  common  types.  When  testing  for  the  pres¬ 
ence  of  carbon  dioxide,  be  sure  that  the  limewater 
is  clear  and  not  too  old.  Check  the  students’  ap¬ 
paratus  set-up.  (See  the  diagram  on  page  34  of 
the  book.) 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

4  cans  peas  (same  size) 

25  gm  sal  soda 

25  gm  each,  four  samples  of  coal,  wood,  or  bread 

5  gm  copper  sulfate  (crystals) 

25  ml  denatured  alcohol 

25  ml  absolute  alcohol 

60  ml  hydrochloric  acid 

15  ml  nitric  acid 

10  ml  sulfuric  acid 

15  ml  acetic  acid 

10  ml  sodium  hydroxide 

10  ml  potassium  hydroxide 

10  ml  calcium  hydroxide 

15  ml  ammonium  hydroxide 

10  ml  phenolphthalein  (alcohol  solution) 

10  ml  methyl  orange 

litmus  paper  (red  and  blue) 

4  different  brands  of  vinegar 
25  gm  baking  soda  (sodium  bicarbonate) 

4  different  brands  of  ammonia 

5  gm  soap  flakes  or  chips 
V2  pint  sweet  milk 

4  gm  sodium  hydroxide  (solid) 

42  ml  12  N  hydrochloric  acid 
1  liter  distilled  water 
50  ml  clear  limewater 

3  brands  of  baking  powder  (alum,  phosphate, 
and  tartrate) 

10  ml  logwood  extract 
10  gm  potassium  acid  tartrate 


75  ml  calcium  chloride  solution 
15  ml  ammonium  molybdate  solution 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

3  can  openers 
3  strainers 
5  funnels  (3  in.) 
filter  paper 

5  10-ml  or  25-ml  graduates 
20  crucibles  or  evaporating  dishes 
1  balance 

5  rings  and  ringstands 
5  triangles  (clay  or  pipestem) 

5  wire  gauzes 
5  Bunsen  burners 
5  tongs  or  forceps 
20  test  tubes 
5  beakers 

5  250-ml  Erlenmeyer  flasks 
5  medicine  droppers 
5  1-ml  or  10-ml  pipettes 
5  glass  stirring  rods 
5  25-ml  burettes 
5  burette  clamps 
5  two-hole  rubber  stoppers 
glass  tubing 
rubber  tubing 
5  thistle  tubes 

SUGGESTED  PROJECTS 

1.  Make  a  list  of  the  neutralization  reactions 
that  take  place  in  your  home. 

2.  Investigate  some  of  the  uses  recommended 
for  household  ammonia. 

3.  Write  a  report  on  how  ammonia  is  prepared 
commercially. 

4.  Prepare  a  display  of  commercial  baking 
powders,  showing  the  ingredients  in  each. 

5.  Make  a  sample  of  baking  powder  and  use  it. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  What  types  of  products  that  you  buy  contain 
a  large  amount  of  water? 

2.  Why  should  the  amount  of  water  be  consid¬ 
ered  when  buying  canned  vegetables  and  fruits? 

3.  What  classes  of  chemicals  are  used  in  the 
home? 

4.  How  can  acids  and  bases  be  identified? 

5.  What  acids  and  bases  are  found  in  the  home? 

6.  How  can  acids  and  bases  be  neutralized? 
What  compounds  are  formed? 
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NAME 


DATE 


PERIOD 


3 


RATING 


Experiment  3 


Are  you  buying  water  without  knowing  it? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Would  you  care  to  buy  water  at  a  dollar  a 
pound  or  even  ten  cents  a  pound  if  you  could 
avoid  doing  so?  Water  is  a  necessary  part  of 
life  and  must  be  present  in  many  materials. 
Yet  there  are  some  materials  in  which  the 
presence  of  water  is  not  necessary  or  in  which 
an  excessive  amount  of  water  increases  the 
weight  or  volume.  As  a  consumer,  you  should 
be  acquainted  with  some  of  these  cases  and 
know  how  the  amount  of  water  may  be  de¬ 
tected  and  measured. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 


Chemistry  and  Its  Wonders,  pp.  42-45,  548 
Chemistry  and  You.  pp.  104,  113-114 
Chemistry  at  Work.  pp.  116,  583 
Chemistry  for  Secondary  Schools,  pp.  69-73 
Chemistry  in  Use.  pp.  126-127 
Dynamic  Chemistry,  pp.  71-72 
First  Book  in  Chemistry,  pp.  59-61,  78-79 
First  Principles  of  Chemistry,  pp.  45-57 
First  Year  of  Chemistry,  pp.  84,  557 
Modern  Chemistry,  pp.  99-101,  121-127 
Modern  Everyday  Chemistry,  p.  235 
Modern-Life  Chemistry,  pp.  154-158 
New  Practical  Chemistry,  p.  375 
New  World  of  Chemistry,  pp.  74-78 


1.  (a)  What  does  absorption  mean?  Property  of  solid,  liquid,  or  gas  to  bake  in 
another  solid,  liquid,  or  gas. 


b)  What  does  adsorption  moan?  Abllit?  of  substance  to  hold  other  eubstances  on 
Its  surface. 


2.  Tell  what  a  hydrate  is.  Material  containing  combined  water. 


3.  What  is  the  meaning  of  the  term  anhydrous?  ^ onba Idofiuo .va.b®r 


.  TTT1  A  .  .  ,  ,  ii.  ,.  9  Amount  of  combined  water  crystalline  hydrates 

4.  What  is  water  of  crystallization? . . . . . 

contain. 


13 


3 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Four  cans  of  peas  of  different  brands,  but  the  can  sizes  must  be  the  same. 
Sal  soda  (washing  soda).  Four  or  more  different  samples  of  any  one  of  the  following:  coal, 
wood,  bread  (or  any  other  material  your  instructor  may  suggest).  Absolute  alcohol.  Denatured 
alcohol.  Copper-sulfate  crystals. 

apparatus  needed:  Can  opener.  Funnel  or  strainer.  Filter  paper.  Graduate.  Four  crucibles 
or  evaporating  dishes.  Balance.  Ring  and  ringstand.  Clay  triangle.  Wire  gauze.  Bunsen  burner. 
Tongs  or  forceps. 


a.  Water  of  dilution.  Canned  goods  sometimes 
contain  more  water  than  is  necessary  for  cook¬ 
ing  the  food  when  it  is  packed.  In  this  part  of 
the  experiment  you  will  compare  the  weight 
of  the  peas  and  the  amount  of  water  in  each  of 
the  four  cans.  (You  will  assume  that  all  of  the 
liquid  is  water,  although  it  will  contain  some 
dissolved  minerals.) 

Carefully  open  each  of  the  four  cans,  being 
sure  not  to  spill  any  of  the  water.  Empty  one 
of  these  cans  into  a  large  funnel  fitted  with  a 
filter  paper,  or  into  a  strainer.  Collect  the 
water  drained  off  and  measure  the  volume  of 
the  water  with  your  graduate.  Remember  that 


1  ml  of  water  weighs  1  gram.  Record  the 
weight  of  water  in  the  table.  Repeat  this  proc¬ 
ess  with  each  of  the  other  cans.  Weigh  the 
peas  from  each  of  the  cans.  Record  your  re¬ 
sults  in  the  table.  (Put  the  peas  back  in  the 
right  cans  and  refill  them  with  liquid. ) 

Now  calculate  the  percentage  of  water  in 
each  can  by  dividing  the  weight  of  water  by 
the  total  weight  (the  weight  of  peas  plus  the 
weight  of  water)  and  multiplying  by  100. 

Then  in  the  last  column  give  each  can  of 
peas  its  rating,  using  1  for  the  can  with  the 
lowest  percentage  of  water  and  the  greatest 
weight  of  peas,  2  for  the  next,  and  so  on. 


BRAND  OF  PEAS 

GM  OF  WATER 

GM  OF  PEAS 

%  OF  WATER 

RATING 

b.  Water  of  crystallization.  Sal  soda  is  sodium 
carbonate  with  water  of  crystallization  (writ¬ 
ten  chemically  as  Na2C03  •  10  H20).  It  is  used 
as  a  water  softener.  The  water  of  crystalliza¬ 
tion  has  no  softening  effect  on  water.  In  this 
part  of  the  experiment  you  are  going  to  find 
out  what  percentage  of  sal  soda  is  water  of 
crystallization. 

Carefully  clean,  dry,  and  weigh  one  of  your 
crucibles  or  evaporating  dishes.  Add  approxi¬ 
mately  5  grams  of  sal  soda.  Then  weigh  the 
crucible  or  dish  and  sal  soda  sample  together. 
Calculate  the  weight  of  the  sal  soda  sample  by 
difference.  (Subtract  the  weight  of  the  cruci¬ 
ble  from  the  total  weight.  Do  not  weigh  the 
sample  and  add  it  to  the  weight  of  the  crucible 


or  dish.  This  will  introduce  an  extra  handling 
and  increase  the  possibility  of  error  in  your 
final  result. )  Record  your  weights  and  calcu¬ 
lations  in  the  spaces  on  the  next  page. 

Place  the  crucible  or  dish  on  a  clay  triangle 
on  a  ring  and  ringstand  and  heat  gently  over 
a  Bunsen  flame  for  fifteen  minutes.  Remove 
it  with  your  tongs  or  forceps.  Allow  the  cru¬ 
cible  or  dish  to  cool  and  then  weigh  it.  Reheat 
the  sample  for  five  minutes,  then  cool  and  re¬ 
weigh. 

If  the  two  weights  are  very  similar,  accept 
your  second  weighing  as  the  weight  of  the 
sample  free  from  water.  If  there  is  a  big  differ¬ 
ence,  continue  heating  until  you  get  a  constant 
weight. 
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NAME 

1.  Weight  of  crucible  or  dish . 

2.  Weight  of  crucible  or  dish  and 

sample  of  sal  soda . 

3.  Weight  of  sal  soda  sample  (No. 

2  minus  No.  1) . 

4.  Weight  of  crucible  or  dish  and 

sample  after  heating . 

c.  Water  of  absorption  and  adsorption.  Some 
materials  contain  water  that  has  been  ab¬ 
sorbed  or  adsorbed.  In  this  part  of  the  experi¬ 
ment  you  will  find  out  what  percentage  of 
water  there  is  in  some  of  these  materials. 

Prepare  four  crucibles  or  evaporating  dishes 
as  you  did  the  one  crucible  in  Part  b.  Place 
approximately  5-gram  samples  of  different 
pieces  of  coal,  bread,  wood,  or  some  other 
material  to  be  tested  in  each  of  them.  Record 
your  weights  and  calculations  in  the  table. 

Place  a  wire  gauze  on  the  ring  at  the  top  of 
the  ringstand  and  put  a  crucible  or  dish  on  this 


DATE_ PERIOD_ RATING 

5.  Weight  of  dry  sodium  carbon¬ 
ate  (No.  4  minus  No.  1) . 

6.  Weight  of  water  in  sal  soda 

(No.  3  minus  No.  5) . 

7.  Per  cent  of  water  present  (No. 

6  divided  by  No.  3  and  multi¬ 
plied  by  100) . 

gauze.  Heat  with  a  Bunsen  burner.  Be  sure 
that  no  direct  flame  hits  the  gauze  since  the 
material  you  are  testing  might  char  or  decom¬ 
pose;  you  wish  only  to  remove  the  water.  Ten 
minutes  of  heating  should  be  enough  to  re¬ 
move  any  water  that  is  absorbed  or  adsorbed. 
After  the  material  has  been  dried  out,  re¬ 
weigh  your  crucible  or  dish  containing  the  dry 
sample.  Record  your  results  in  the  table  and 
complete  the  calculations  indicated  there. 

Then  repeat  with  each  of  the  other  three 
samples,  recording  all  your  results  and  making 
the  calculations. 


MATERIAL  . - . — 

CRUCIBLE  I 

CRUCIBLE  n 

CRUCIBLE  m 

CRUCIBLE  IV 

1.  Weight  of  crucible  or  dish 

2.  Weight  of  crucible  or  dish  and 
sample 

3.  Weight  of  sample  (No.  2  minus 
No.  1) 

4.  Weight  of  sample  and  crucible 
or  dish  after  heating 

5.  Weight  of  dry  sample  (No.  4 
minus  No.  1) 

♦ 

6.  Weight  of  water  in  sample 
(No.  3  minus  No.  5) 

7.  Per  cent  of  water  (No.  6  divided 
by  No.  3  and  multiplied  by  100) 

d.  Water  in  solutions.  A  great  many  liquids 
contain  water.  In  this  part  of  the  experiment 
you  are  going  to  learn  a  way  to  detect  the  water 
that  may  be  present  in  solution  with  other 
liquids. 

Dehydrate  a  crystal  of  copper  sulfate  by 
heating  it  in  a  crucible  on  a  clay  triangle  over 
a  Bunsen  flame  until  it  crumbles  and  becomes 


grayish  white.  The  blue  color  of  the  crystal  is 
caused  by  the  water  of  crystallization. 

Divide  the  anhydrous  copper  sulfate  into 
two  portions.  Add  one  of  these  portions  to  a 
5  ml  sample  of  denatured  alcohol  and  the  other 
portion  to  a  5  ml  sample  of  absolute  alcohol. 
Note  the  effect  that  each  of  these  solutions  has 
on  anhydrous  copper  sulfate. 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  From  the  results  of  this  experiment,  state  one  important  thing  to  consider  in  buying  canned 

goods .  .Pfercenta^e-  °.f.  water.* . 

2.  How  can  water  of  crystallization  be  removed  from  any  crystal  that  contains  it? 

ing  crystal  above  boiling  point  of  water. 

3.  The  weight  of  commercial  sal  soda  is  sometimes  stamped  “net  weight  when  packed.”  What 

, ,  (  .  9Sal  soda  is  efflorescent.  On  standing  it  will  slowly  lose 

is  the  reason  for  this: . T-?- . . 

water  of  crystallization  and  thus  weight. 


4.  How  could  you  determine  whether  or  not  a  substance  contained  a  large  amount  of  water? 

Heat  solids  above  100°  C.  and  reweigh.  Test  liquids  with  anhydrous  copper 

sulfate . 

5.  Water  will  mix  with  many  liquids.  When  water  is  absent,  a  liquid  is  said  to  be  dry  (hence 

Test  with 

the  term  “dry  cleaning”).  How  could  you  prove  whether  or  not  a  liquid  was  dry? . . . 

anhydrous  copper  sulfate.  Turns  blue  in  liquids  containing  water. 


CONSUMER  APPLICATIONS 

1  88 

1.  If  you  buy  three  pounds  of  sal  soda,  how  many  pounds  of  water  are  you  getting?  . lb. 

Show  your  raln.lMirms  Mol~  Of  H&gCCfr.lO  ^0  la  286.  Mol.  Vt.  of  10  HgO  la . 

180.  180  t  236  =  .63  .  63  x  3  16.=  1.88  lb. 


2.  Which  would  be  your  best  buy,  sal  soda  at  3  pounds  for  25  cents  or  anhydrous  sodium 

carbonate  at  15  cents  a  pound?  .  Show  your  calculations. 

3  lb.  of  sal  soda  contain  1.88  lb.  of  water  and  1.12  of  sodium  carbonate. 

25  cents  -f  1.12  =  22.32  cents  per  lb.  for  sal  soda 

3.  Soft  coal  crumbles  easily  and  makes  a  good  deal  of  dust.  It  is  often  watered  to  keep  down 
the  dust  while  it  is  being  put  in  a  coal  bin.  Should  the  coal  be  wet  before  or  after  it  is  weighed? 

After  Avoid  paying  for  water  at  price  of  coal. 

.  Explain . 
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Experiment  4 


4 

PERIOD  RATING 


How  can  you  recognize  acids  and  bases? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Would  you  be  willing  to  swallow  acid?  Just 
the  thought  of  it  probably  makes  you  shudder. 
Most  people  regard  an  acid  as  a  compound  that 
will  eat  holes  in  almost  anything.  This,  how¬ 
ever,  is  true  only  of  a  few  very  strong  acids. 
Hundreds  of  different  acids  are  found  in  fruits 
and  vegetables  and  form  a  necessary  part  of 
our  diet. 

The  chemical  opposite  of  an  acid  is  a  base  or 
alkali.  Lye,  or  sodium  hydroxide,  is  a  very 
strong  base,  which  is  used  in  removing  paint. 
But  calcium  hydroxide,  commonly  known  as 
limewater,  is  often  fed  to  people  who  have 
weak  bones.  Magnesium  hydroxide  is  also  a 
weak  base.  It  is  the  useful  part  of  ordinary 
milk  of  magnesia. 

The  action  of  acids  and  bases  on  each  other 
is  the  foundation  of  many  chemical  reactions. 
Some  substances  not  usually  considered  as 
acids  or  bases  will  form  acids  or  bases  when 
dissolved  in  water.  In  this  experiment  you 
will  learn  how  chemists  recognize  acids  and 
bases  so  that  you  can  identify  them  in  your 


chemistry  work.  You  will  need  to  use  this  in¬ 
formation  many  times. 

To  help  you  understand  the  experiment,  an¬ 
swer  the  following  questions.  Use  your  chem¬ 
istry  book  as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  226-230 
Chemistry  and  You.  pp.  190-193 
Chemistry  at  Work.  pp.  240-250 
Chemistry  for  Secondary  Schools,  pp.  119-130, 
203-207 

Chemistry  in  Use.  pp.  242,  253-254,  268-269, 
271,  274 

Dynamic  Chemistry,  pp.  178-181 
First  Book  in  Chemistry,  pp.  192-196,  209 
First  Principles  of  Chemistry,  pp.  164,  173- 
174,  178-183 

First  Year  of  Chemistry,  p.  257 
Modern  Chemistry,  pp.  206-215 
Modern  Everyday  Chemistry,  pp.  175,  241- 
250,  262 

Modern-Life  Chemistry,  pp.  213-218 
New  Practical  Chemistry,  pp.  149-150 
New  World  of  Chemistry,  pp.  215-220 


1.  What  is  an  acid?  Confound  of  hydrogen  with  non-metal  or  non-metallic  radical 

and  sometimes  oxygen.  Water  solution  has  sour  taste,  turns  blue  litmus  red, 

----------------------------------------  ----------- ------------ -------- -  . - - .............................. 

reacts  with  metals  more  active  than  hydrogen,  neutralizes  bases. 


2  What  is  a  base?  ^ctapound  natal  or  metallic  radical  with  one  or  more  OH 
radicals.  Water  solution  has  bitter  taste,  feels  slippery,  turns  red  litmus 
blue,  neutralizes  acids. 


3. 


Tell  what  an  acid  anhydride  is. 


Oxide  of  non-metal  whose  water  solution  is  an 


acid. 
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4.  Tell  what  a  basic  anhydride  is. l*,oae  water ba«e. 


5.  What  does  an  indicator  do?  ..Changes  ,oo ior  in  presence  of  acid  or  base. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Hydrochloric,  nitric,  sulfuric,  and  acetic  acids.  Sodium  hydroxide,  potas¬ 
sium  hydroxide,  calcium  hydroxide,  and  ammonium  hydroxide.  Be  very  careful  not  to  spill 
these.  They  may  burn  you  and  your  clothing.  (Read  Handling  Reagent  Bottles  on  p.  130.) 
Red  and  blue  litmus  paper.  Methyl  orange.  Phenolphthalein. 
apparatus  needed:  Four  test  tubes. 


a.  Effect  of  acids  on  indicators.  In  this  part  of 
the  experiment  you  are  going  to  find  out  what 
effect  acids  have  on  the  different  indicators. 

Place  a  few  drops  of  each  acid  in  four  differ¬ 
ent  test-tubes.  Dip  a  piece  of  red  and  a  piece 
of  blue  litmus  paper  into  each  of  these  and 
notice  the  color.  Then  record  your  results  in 
the  table. 


Remove  the  litmus  paper  and  add  one  drop 
of  methyl  orange  to  each  of  the  test  tubes.  No¬ 
tice  the  effect  that  acids  have  on  methyl  orange 
and  then  record  your  results. 

Pour  out  the  acids  and  take  four  fresh  sam¬ 
ples.  Add  a  drop  of  phenolphthalein  to  each 
of  the  four  test  tubes,  noticing  the  color  effect. 
Record  your  results  in  the  table. 


ACID 

FORMULA 

EFFECT  ON 

RED  LITMUS 

EFFECT  ON 

BLUE  LITMUS 

EFFECT  ON 

METHYL  ORANGE 

EFFECT  ON 

PHENOL¬ 

PHTHALEIN 

Sulfuric 

h,so4 

Non© 

Turns  red 

Turns  pink 

None 

Hydrochloric 

HC1 

None 

Turns  red 

Turns  pink 

None 

Acetic 

hc2h3o2 

Non© 

Turns  red 

Turns  pink 

None 

Nitric 

HN03 

Non© 

Turns  red 

Turns  pink 

None 
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b.  Effect  of  bases  on  indicators.  In  this  part  of 
the  experiment  you  are  to  test  the  effect  of 
bases  on  the  different  indicators,  using  the 
same  procedure  as  you  did  for  acids. 


4 

PERIOD_ RATING 

After  you  have  completed  the  tests  and  re¬ 
corded  all  your  results  in  the  table,  carefully 
contrast  the  effect  of  acids  and  bases  on  the 
different  indicators. 


BASE 

FORMULA 

EFFECT  ON 

RED  LITMUS 

EFFECT  ON 

BLUE  LITMUS 

EFFECT  ON 

METHYL  ORANGE 

EFFECT  ON 
PHENOL- 

PHTHALEIN 

Sodium 

hydroxide 

NaOH 

Turns  blue 

None 

Turns  yellow 

Turns  pink 
or  red 

Potassium 

hydroxide 

KOH 

Turns  blue 

None 

Turns  yellow 

Turns  pink 
or  red 

Ammonium 

hydroxide 

NH4OH 

Turns  blue 

None 

Turns  yellow 

Turns  pink 
or  red 

Calcium 

hydroxide 

Ca(OH)2 

Turns  blue 

None 

Turns  yellow 

Turns  pink 
or  red 

c.  Testing  household  chemicals.  Do  you  know 
which  of  your  household  chemicals  are  acids 
and  which  are  bases?  Take  home  some  litmus 
paper  and  test  the  various  substances  that  you 
have  at  home  to  find  out  which  are  acids  and 
which  are  bases.  The  substances  you  test 
should  include  solutions  of  soap,  tooth  paste, 


tooth  powder,  water  softeners,  fruits,  foods, 
cleansers,  polishes,  etc.  Record  your  results 
in  the  table. 

Whenever  a  substance  you  test  is  naturally 
dry,  test  it  with  litmus  while  it  is  dry.  Then 
compare  that  result  with  the  result  you  get 
when  you  test  the  substance  dissolved  in  water. 


MATERIAL  TESTED 

EFFECT  ON  LITMUS 

Acid,  Base,  or  Neutral? 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  In  what  ways  can  you  determine  whether  a  substance  is  an  acid  or  a  base  or  neither? 

Test  it  with  indicators  such  as  red  and  blue  litmus,  methyl  orange,  and 

phenolphthalein.  Acids  turn  blue  litmus  red  and  methyl  orange  pink.  Bases 
turn  red  litmus  blue,  methyl  orange  yellow,  and  phenolphthalein  pink  or  red. 
Heutral  substances  have  no  effect  on  indicators. 


2.  (a)  From  the  formulas  you  have  seen  in  the  tables  on  pages  18  and  19,  what  element  is 

common  to  all  acids?  . 

b)  What  group  of  elements  is  common  to  all  bases?  0H  . 


3.  Are  acids  and  bases  always  liquid? .  Give  examples  to  illustrate  your  answer. 

(Answers  will  vary.  Sodium,  potassium,  and  calcium  hydroxide  are  solids. 

Boric,  citric,  and  lactic  acids  are  solids.) 


4.  (a)  Will  litmus  show  a  reaction  on  a  dry  substance?  (b)  If  not,  how  can  you 

tell  if  the  substance  is  an  acid  or  a  base  or  neither? 

then  test  with  litmus. 

5.  (a)  Name  an  indicator  that  can  be  used  to  detect  both  acids  and  bases. 

orange 

b )  What  indicator  that  is  useful  in  detecting  bases  cannot  be  used  to  detect  acids?  . 

phthalein 
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DATE 


PERIOD  RATING 


Experiment  5 


What  happens  when  acids  and  bases  react  with  each  other? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


You  have  learned  how  chemists  use  indi¬ 
cators  to  find  out  whether  substances  are  acids 
or  bases.  They  need  to  know  how  to  do  this 
because  acids  and  bases  react  with  each  other 
to  cause  chemical  changes  that  are  very  impor¬ 
tant  in  the  home  and  in  industry. 

When  your  mother  bakes  a  cake  with  sour 
cream,  she  uses  baking  soda.  The  soda  reacts 
with  the  acid  in  the  sour  cream,  and  a  gas  is 
liberated.  This  gas  passes  through  the  mate¬ 
rial  of  the  cake,  leaving  tiny  holes  which  make 
the  cake  light  and  spongy  instead  of  heavy  and 
soggy.  Baking  soda  is  often  added  to  tomatoes 
in  making  cream  of  tomato  soup.  If  baking 
soda  is  not  used,  the  acid  in  the  tomatoes  may 
curdle  the  milk  or  cream. 

Coke,  coals  tar,  and  ammonia  gas  are  ob¬ 
tained  when  soft  coal  is  heated  in  closed  ovens. 
To  keep  the  valuable  ammonia  gas  from  escap¬ 
ing,  it  is  bubbled  through  a  water  solution  of 
sulfuric  acid.  Ammonia  gas  forms  ammonium 


hydroxide  in  water.  Ammonium  hydroxide 
reacts  with  sulfuric  acid  to  form  ammonium 
sulfate. 

Before  doing  the  experiment,  answer  the  fol¬ 
lowing  questions.  Use  your  chemistry  book 
and  what  you  learned  in  Experiment  4. 
Chemistry  and  Its  Wonders,  pp.  146-147 
Chemistry  and  You.  pp.  196-197 
Chemistry  at  Work.  pp.  250-264 
Chemistry  for  Secondary  Schools,  pp.  130-134, 

207-210 

Chemistry  in  Use.  pp.  269-274 

Dynamic  Chemistry,  pp.  181-183 

First  Book  in  Chemistry,  pp.  211-213 

First  Principles  of  Chemistry,  pp.  259-260 

First  Year  of  Chemistry,  p.  258 

Modern  Chemistry,  pp.  213,  355 

Modern  Everyday  Chemistry,  pp.  229,  241-250 

Modern-Life  Chemistry,  pp.  218-235 

New  Practical  Chemistry,  pp.  150-151 

New  World  of  Chemistry,  pp.  215-220,  226-229 


1.  What  element  is  present  in  all  acids?  .5?^!?®®** 


2.  What  group  of  elements  is  present  in  all  bases?  ...f®. . 

3.  Name  the  common  compound  that  can  be  formed  from  the  elements  you  mentioned  in 

questions  1  and  2.  . 

.  ^  A  .  ,  ,  ,  v  ,.  Reaction  between  acid  and  base  in  which 

4.  Tell  what  is  meant  by  neutralization . 

hydrogen  of  acid  and  OH  radical  of  base  combine  and  metal  or  metallic  radical 


of  base  combines  with  non-metal  or  non -metallic  radical  of  acid.  Resulting 


solution  is  neutral. 


5. 


What  two  things  are  always  produced  by  neutralization? 


Water  and  a  salt 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Household  ammonia.  Household  vinegar.  Baking  soda  (sodium  bicarbo¬ 
nate).  Soap  flakes  or  chips.  Sweet  milk.  Phenolphthalein.  Red  and  blue  litmus  paper. 
apparatus  needed  :  Beaker.  Graduate.  Two  test  tubes.  Medicine  dropper.  Balance. 


What  happens  when  an  acid  and  a  base  react 
with  each  other?  After  the  reaction  do  you  still 
have  an  acid  and  a  base? 

In  this  experiment  you  will  observe  the  re¬ 
actions  that  some  of  your  household  acids  and 
bases  have  with  each  other.  You  will  need  to 
use  what  you  have  learned  about  the  effects 
of  acids  and  bases  on  red  and  blue  litmus 
paper. 

a.  Ammonia  and  vinegar.  Place  a  drop  of 
household  ammonia  on  red  litmus  and  another 
drop  on  blue  litmus.  In  a  similar  manner  test 
the  effect  that  vinegar  has  on  litmus.  Record 
your  results  in  the  table. 

Now  place  1  ml  of  household  ammonia  in  a 
beaker  and  add  one  drop  of  phenolphthalein. 
Using  a  medicine  dropper,  add  vinegar  a  drop 
at  a  time  until  the  phenolphthalein  has  turned 
a  very  pale  violet  or  just  disappeared.  (If  you 
put  a  piece  of  white  paper  under  the  beaker, 
you  can  see  the  color  change  more  easily.) 
Test  the  resulting  solution  with  both  red  and 
blue  litmus. 


b.  Baking  soda  and  vinegar.  Dissolve  a  pinch 
of  baking  soda  in  a  few  ml  of  water  in  a  test 
tube  and  test  it  with  red  and  blue  litmus.  Re¬ 
cord  your  results  in  the  table.  Now  add  a  few 
drops  of  vinegar  and  notice  the  results. 

c.  Soap  and  vinegar.  Prepare  a  solution  of 
soap  suds  by  dissolving  and  shaking  some  soap 
flakes  or  chips  in  a  little  bit  of  water  in  a  test 
tube.  Test  the  soap  suds  with  red  and  blue  lit¬ 
mus.  Record  your  results  in  the  table.  Now 
add  3  or  4  ml  of  vinegar.  Notice  the  effect  that 
vinegar  has  on  soap. 

d.  Milk,  baking  soda,  and  vinegar.  Test  the 
sweet  milk  with  red  and  blue  litmus.  Record 
your  results  in  the  table.  Then  measure  out 
two  5  ml  samples  of  sweet  milk  into  clean  test 
tubes  which  have  been  labeled  so  that  you 
can  tell  them  apart.  Into  one  of  these  place 
a  small  amount  of  baking  soda,  approximately 
V2  gram.  Add  1  ml  of  vinegar  to  each  of  the 
milk  samples.  Shake,  let  stand  for  a  few  min¬ 
utes,  and  notice  the  results.  Test  both  samples 
with  red  and  blue  litmus. 


SUBSTANCE 

EFFECT  ON  LITMUS 

Acid,  Base,  OR  Neutral? 

Ammonia 

Turns  red  to  blue 

Base 

Vinegar 

Turns  blue  to  red 

Acid 

Baking  soda 

Turns  red  to  blue 

Base 

Soap 

Turns  red  to  blue 

Base 

Sweet  milk 

None 

Neutral 

CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  What  element  does  litmus  show  to  be  present  in  vinegar? 


2.  What  group  of  elements  does  litmus  show  to  be  present  in  household  ammonia?  ...®. 

or  hydroxyl  group 
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RATING 


3.  What  happens  when  ammonia  and  vinegar  react  with  each  other?  _ 

other.  Ammonia  contains  base.  Vinegar  contains  acid.  (Ammonium  hydroxide 


reacts  with  acetic  acid  to  fora  water  and  anmonium  acetate.) 


4.  Will  the  solution  made  with  ammonia  and  vinegar  in  Part  a  serve  as  both  ammonia  and 

No  After  chemical  reaction  resulting  in  neutralization^solu- 


vinegar? 

tion  is  neither  acid  nor  base. 


5.  What  takes  place  when  vinegar  and  baking  soda  react  with  each  other?  .9?:® .  e 4. 

Vinegar  contains  acid.  Solution  of  baking  soda  ac ts  as  base .  (Acetic  acid 
reacts  with  sodium  bicarbonate  to  form  carbonic  acid  and  sodium  acetate. 

Carbonic  acid  breaks  up  into  water  and  carbon  dioxide.  ) 


6.  Tell  what  takes  place  when  vinegar  and  soap  suds  react  with  each  other. 

Vinegar  contains  acid.  Soap  solution  contains  base.  (Acetic  acid  reacts 

with  sodium  stearate  to  form  stearic  acid  and  sodium  acetate. ) 


7. 


(a)  What  effect  does  vinegar  have  on  sweet  milk? 


Makes  it  curdle  by  increasing 


the  acid  content. 


b)  Does  vinegar  have  the  same  effect  if  baking  soda  has  been  added  to  the  milk?  . 

Baking  soda  acts  as  base  and  neutralizes  acid  in  vinegar. 


Acid 


8.  What  type  of  compound  do  bacteria  produce  that  causes  milk  to  sour? 
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CONSUMER  APPLICATIONS 

1.  If  your  hair  has  been  washed  with  soap  suds,  would  it  be  better  to  rinse  it  with  baking  soda 

and  water  or  vinegar  and  water?  . . T . an<^ . . Why?  .... 

basic  and  so  is  baking  soda  solution.  Will  not  react  with  soap.  Vinegar  is 

acid.  Will  remove  soap. 

2.  What  substance  might  be  added  to  milk  to  keep  it  from  souring?  _ _ 8 °^a_ . 

Explain  so<ia  ac^e  as  "base.  Will  combine  with  acid 

formed  in  souring  milk. 


3.  If  your  stomach  condition  was  too  acid,  what  kind  of  remedy  would  restore  it  to  normal 
j.,.  9  Baking  soda 

condition?  . TTr. . 

Acts  as  base.  Will  react  with  excess  acid  in  stomach. 

Give  your  reason . 


4.  Suppose  you  spilled  some  lye  on  your  skin.  After  washing  it  off  with  water,  would  you 

use  baking  soda,  ammonia,  vinegar,  or  soap  to  neutralize  the  last  traces  of  it?  ...Y..?®???. . 

Why?  iB  ^aee*  Bakirg  eo<3-a>  ammonia,  and  soap  are  also  basic.  Would  not 

neutralize  lye.  Vinegar  contains  acid  that  would  neutralize  lye. 
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Experiment  6 


How  much  acetic  acid  is  there  in  vinegar? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  all  vinegars  alike?  Do  they  taste  alike? 
Is  their  action  similar? 

The  commercial  varieties  of  vinegar  are  gen¬ 
erally  prepared  by  two  different  processes.  In 
one  process  bacteria  act  on  fruit  cider.  In  the 
other  dilute  alcohol  trickles  through  vats  of 
wood  shavings.  The  wood  shavings  are  used 
to  provide  a  large  surface  for  exposing  the 
alcohol  to  the  air.  Both  processes  involve  the 
same  chemical  principle,  the  oxidation  of  a 
dilute  alcohol  to  produce  acetic  acid. 

The  acetic  acid  in  vinegar  is  what  makes  it 
useful.  All  acids  dissolved  in  water  contain 
acid  particles,  called  hydrogen  ions.  These 
particles  give  acids  their  sour  taste.  A  strong 
solution  of  an  acid  contains  a  large  number  of 
acid  particles. 


Answer  the  following  questions  before  you 
do  the  experiment.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  p.  486 
Chemistry  and  You.  pp.  196,  496-497 
Chemistry  at  Work.  pp.  197,  477-478 
Chemistry  for  Secondary  Schools,  pp.  334-337 
Chemistry  in  Use.  pp.  260,  400,  425 
Dynamic  Chemistry,  pp.  681-683 
First  Book  in  Chemistry,  pp.  559-560 
First  Principles  of  Chemistry,  p.  678 
First  Year  of  Chemistry,  pp.  525-526 
Modern  Chemistry,  p.  697 
Modern  Everyday  Chemistry,  pp.  176,  229,  356 
Modern-Life  Chemistry,  pp.  144,  149,  658 
New  Practical  Chemistry,  pp.  153-154,  450 
New  World  of  Chemistry,  pp.  218,  589-590 


1.  How  would  acetic  acid  affect  (a)  methyl  orange,  (b)  phenolphthalein,  and  (c)  litmus? 

a)  Turns  pink  or  red  (b)  No  effect 

c)  Turns  blue  litmus  red 

2.  What  chemical  compounds  would  be  formed  when  acetic  acid  is  treated  with  sodium 

hydroxide?  Water  sodium  acetate 


3.  About  what  percentage  of  vinegar  is  acetic  acid?  (Read  the  label  on  a  bottle.) 

4.  What  makes  up  the  rest  of  the  vinegar  which  is  not  acetic  acid? . ¥a...  . 


5.  What  is  meant  by  titration?  Finding  bhe  strength  of  a  solution  by  neutraliz- 
ing  it  with  a  solution  whose  strength  is  known. 


25 


6 


6.  Would  you  care  to  use  a  vinegar  which  was  25%  acetic  acid?  Why?  ..*^..^.9? 

strong  for  ordinary  use . 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Four  different  brands  of  vinegar.  .1  normal  solution  of  sodium  hydroxide. 
Phenolphthalein.  Distilled  water. 

apparatus  needed  :  Graduate  or  pipette.  Beaker  or  Erlenmeyer  flask.  Burette.  Clamp.  Ring- 
stand.  Glass  rod.  (Read  Using  a  Burette  and  Pipette  on  p.  12.) 


In  this  experiment  you  will  determine  the 
amount  of  acetic  acid  in  vinegar  by  neutraliz¬ 
ing  the  acetic  acid  with  a  solution  of  sodium 
hydroxide.  You  will  use  phenolphthalein  as 
the  indicator  to  show  you  when  the  neutraliza¬ 
tion  point  is  reached. 

In  order  to  get  accurate  results  you  will  have 
to  measure  very  carefully  and  have  all  your 
equipment  clean.  Scrub  your  beaker  or  Erlen¬ 
meyer  flask  with  soap  and  rinse  it  well.  Be 
sure  your  burette  is  clean. 

Place  exactly  1  ml  of  vinegar  in  a  beaker  or 
flask,  using  your  graduate  or  pipette  to  meas¬ 
ure  it  out.  A  loss  or  gain  of  a  drop  of  liquid 
will  introduce  an  error  in  your  final  results. 
Rinse  out  your  graduate  or  pipette  with  water 
and  pour  the  rinse  water  into  your  beaker  or 
flask.  Now  add  approximately  25  ml  of  distilled 
water  to  the  beaker  or  flask  in  order  to  get  a 
volume  of  liquid.  The  water  will  have  no  effect 
on  the  weight  of  acetic  acid  present.  Add  one 
or  two  drops  of  phenolphthalein  to  your 
beaker. 

Fill  your  burette  with  the  .1  normal  solution 
of  sodium  hydroxide.  Then  clamp  it  to  your 
ringstand.  Take  the  ml  reading  of  the  burette 
and  write  it  down  on  a  piece  of  paper 

You  are  now  ready  to  titrate.  Place  the 
vinegar  solution  directly  below  the  burette  and 
open  the  stopcock  or  pinch  clamp  slowly,  al¬ 
lowing  some  of  the  sodium  hydroxide  to  flow 
into  the  solution. 

If  you  are  using  a  beaker,  stir  the  solution 
with  a  glass  rod.  If  you  are  using  a  flask,  mix 
the  contents  by  rotating  it.  It  is  important 
that  the  molecules  of  acetic  acid  come  in  con¬ 
tact  with  those  of  the  sodium  hydroxide  for 
complete  neutralization. 


Continue  adding  sodium  hydroxide  a  drop 
at  a  time  until  your  solution  has  a  very  faint 
violet  tinge.  If  you  place  a  piece  of  white  paper 
beneath  your  flask  or  beaker  to  serve  as  a 
background,  you  will  be  able  to  notice  this 
color  change  more  easily.  The  color  change 
marks  the  neutralization  point. 

Now  read  your  burette  and  subtract  this 
reading  from  the  reading  you  wrote  down  at 
the  start  of  your  titration.  Then  you  will  know 
how  many  milliliters  of  sodium  hydroxide 
were  used  to  neutralize  one  milliliter  of  vine¬ 
gar.  Record  your  results  in  the  table. 

Now  take  another  sample  of  the  same  vine¬ 
gar  and  titrate  this  in  the  same  way.  You  will 
make  two  tests  of  each  vinegar.  They  will 
serve  as  a  check  on  your  work.  After  titrating 
both  samples,  compare  the  results.  If  they 
vary  more  than  .4  ml,  titrate  a  third  sample,  or 
even  a  fourth,  until  your  results  check. 

Follow  the  same  procedure  for  each  of  the 
brands  of  vinegar  you  are  to  test.  After  you 
have  determined  the  average  number  of  milli¬ 
liters  of  sodium  hydroxide  used  and  recorded 
it  in  the  table,  determine  the  percentage  of 
acetic  acid  present  in  each  sample  by  multiply¬ 
ing  the  average  number  of  milliliters  used  by 
.603.  (This  number  is  obtained  from  the  fol¬ 
lowing  equation: 

.1  X  -0603  X  100 

- =  .603 

1 

Here  .1  represents  the  normality  of  the  sodium 
hydroxide;  .0603  is  the  weight  of  acetic  acid 
in  1  ml  of  a  one-normal  solution;  1  is  the 
weight  in  grams  of  vinegar  used;  and  100  is 
the  factor  converting  to  per  cent. ) 
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DATE _  PERIOD  RATING 


BRAND  OF  VINEGAR 

ML  OF  SODIUM  HYDROXIDE 

USED 

AVERAGE  ML 

USED 

%  OF  ACETIC 
ACID 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

CONCLUSIONS  FROM  THE  EXPERIMENT 


To  determine  the  cost  per  ounce  of  acetic 
acid  present,  you  will  have  to  know  the  num¬ 
ber  of  fluid  ounces  in  the  bottle,  the  cost  of  the 
bottle,  and  weight  of  acetic  acid  present.  The 
number  of  fluid  ounces  of  vinegar  is  on  the  la¬ 
bel.  Determine  the  weight  of  acetic  acid  pres¬ 


ent  by  multiplying  the  number  of  fluid  ounces 
in  the  bottle  by  the  percentage  of  acetic  acid. 

Calculate  the  cost  of  each  ounce  of  acetic 
acid  by  dividing  the  cost  by  the  weight  of 
acetic  acid.  Record  all  your  results  in  the 
table. 


BRAND  OF 

VINEGAR 

FL.  OZ.  IN 

BOTTLE 

%  OF  ACETIC 

ACID  FOUND  BY 

EXPERIMENT 

WEIGHT  OF 

ACETIC  ACID 

IN  BOTTLE 

RETAIL 

COST  OF 

BOTTLE 

COST  PER 

OZ.  OF 

ACETIC  ACID 

Do  your  experimental  percentages  correspond  to  those  printed  on  the  labels? .  List  the 

brands  of  vinegar  whose  labels  show  about  the  same  percentages  of  acetic  acid  as  those  you 


determined  in  the  experiment. 


List  any  brands  whose  labels  do  not  show  about  the  same  percentages  as  you  found. 
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CONSUMER  APPLICATIONS 


1.  How  would  you  determine  which  vinegar  would  be  the  “best  buy”  if  you  only  considered 

.  ,  .  Find  brand  that  furnished  ounce  of  acetic  acid 

the  amount  of  acetic  acid  present? . 

at  lowest  cost. 


2.  How  can  you  use  the  information  you  obtained  from  this  experiment  when  you  buy 

n  Read  label.  Figure  cost  per  ounce  of  acetic  acid.  Brand  with  lowest 

vinegar?  . 

cost  per  ounce  is  best  buy. 


3.  A  32  fl.  oz.  bottle  of  vinegar  is  labeled  4%  and  sells  for  15  cents.  A  28  oz.  bottle  of  a  similar 

vinegar  is  labeled  5%  and  sells  for  the  same  price.  Which  is  the  “best  buy”?  . 

fl*  oz.  x  4#  —  1.28  oz.  of  acetic  acid.  Vp  cents  7  1.28  -  11. 7  cents 

per  oz.  of  acetic  acid.  28  fl.  oz .  x  5#  r  1.4  oz.  of  acetic  acid.  15  cents 

7  1.4  =:  10.7  cents  per  oz.  of  acetic  acid. 

4.  How  would  you  determine  scientifically  whether  lemons  or  limes  have  the  higher  acid 

content?  '^itra‘te  of  ©&ch  with  sodium  hydroxide  solution  of  known  strength. 

Juice  with  higher  acid  content  would  require  more  hydroxide  for  neutraliza¬ 
tion. 
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DATE 


PERIOD 


RATING 


Experiment  7 


How  can  you  determine  a  good  buy  in  household  ammonia? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Household  ammonia  is  one  of  our  common 
bases.  At  ordinary  temperatures  ammonia  is 
a  gas,  but  it  is  very  soluble  in  water.  In  fact, 
at  ordinary  room  temperature  over  700  quarts 
of  ammonia  gas  will  dissolve  in  one  quart  of 
water.  When  ammonia  gas  dissolves  in  water, 
part  of  the  gas  combines  with  the  water  to 
form  ammonium  hydroxide.  This  is  the  sub¬ 
stance  we  commonly  call  household  ammonia. 

The  strength  of  household  ammonia  can 
vary.  Its  usefulness  depends  on  the  number 
of  base  particles,  called  hydroxyl  ions,  in  the 
solution.  The  particles  are  produced  after  am¬ 
monia  gas  reacts  with  water  to  form  ammo¬ 
nium  hydroxide. 

As  you  might  expect,  the  more  ammonia  gas 
dissolved  in  water,  the  greater  the  number  of 
base  particles  in  the  solution. 


Before  doing  the  experiment,  answer  the  fol¬ 
lowing  questions.  Use  your  chemistry  book  as 
a  reference. 

Chemistry  and  Its  Wonders,  pp.  133-138 
Chemistry  and  You.  pp.  196,  374-375 
Chemistry  at  Work.  pp.  280-290 
Chemistry  for  Secondary  Schools,  pp.  220-228 
Chemistry  in  Use.  pp.  269-271,  276,  537,  540 
Dynamic  Chemistry,  p.  238 
First  Book  in  Chemistry,  pp.  236-242 
First  Principles  of  Chemistry,  pp.  329-330 
First  Year  of  Chemistry,  pp.  269-274 
Modern  Chemistry,  p.  254 
Modern  Everyday  Chemistry,  pp.  229,  366 
Modern-Life  Chemistry,  pp.  127, 144,  382,  385- 
386 

New  Practical  Chemistry,  pp.  153-154,  285-286 
New  World  of  Chemistry,  pp.  271-273 


1.  By  using  an  equation,  show  the  reaction  of  ammonia  gas  with  water. 

NE^  4  EgO  — >  NH^OH 


2.  Using  another  equation,  show  how  the  hydroxyl  ion  is  produced  from  ammonium 
hydroxide. 

NHI4.OH  NHI4.  +  OE 

3.  Show  by  an  equation  what  happens  when  hydrochloric  acid  and  ammonium  hydroxide 
react  with  each  other. 

HC1  -f  HH^OH  -*^0  4  UH^Cl 


4. 


Give  some  common  uses  of  household  ammonia. 


Softening  water,  removing  grease. 


washing  windows,  removing  paint,  etc. 
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5.  What  effect  would  a  concentrated  solution  of  ammonia  have  on  bare  hands  and  wall  paint? 

Remove  skin  and  paint  like  strong  base. 


6.  Lye,  or  sodium  hydroxide,  will  furnish  more  hydroxyl  ions  than  ammonia.  Why  is  it  not 

Too  stronp;  for  ordinary  home  use. 

used  instead  of  ammonia  for  household  cleaning?  . 

Will  remove  skin,  paint,  etc. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Four  different  brands  of  household  ammonia.  .5  normal  solution  of  hydro¬ 
chloric  acid.  Methyl  orange.  Distilled  water. 

apparatus  needed  :  Graduate.  Beaker  or  Erlenmeyer  flask.  Burette.  Clamp.  Ringstand.  Glass 
rod. 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  amount  of  actual  ammonia  present  in 
different  brands  of  household  ammonia  by 
neutralizing  1  ml  of  each  ammonia  sample 
with  hydrochloric  acid.  You  will  use  a  proce¬ 
dure  similar  to  that  which  you  used  in  deter¬ 
mining  the  amount  of  acetic  acid  in  vinegar. 

Clean  your  apparatus  thoroughly.  Place  ex¬ 
actly  1  ml  of  one  of  your  ammonia  samples  in  a 
beaker  or  flask,  using  your  graduate.  Rinse 
out  your  graduate  with  water  and  pour  the 
rinse  water  into  your  beaker  or  flask.  Now  add 
approximately  25  ml  of  distilled  water  to  the 
beaker  or  flask  so  as  to  get  a  volume  of  liquid. 
This  will  make  it  easier  to  notice  the  neutral¬ 
ization  point.  Add  one  drop  of  methyl  orange, 
which  will  serve  as  your  indicator. 

Fill  your  burette  with  the  .5  normal  solution 
of  hydrochloric  acid  and  clamp  it  to  the  ring- 
stand.  Take  the  ml  reading  of  the  burette  and 
write  it  down. 

Place  your  ammonia  solution  directly  be¬ 
low  the  burette  and  open  the  stopcock  or  pinch 
clamp,  allowing  some  of  the  hydrochloric  acid 
to  flow  into  the  ammonia.  Stir  or  shake  this 
solution  so  that  the  molecules  of  ammonia  can 
come  in  contact  with  those  of  the  hydrochloric 
acid. 

Continue  adding  hydrochloric  acid  a  drop 
at  a  time  until  the  solution  has  become  reddish 
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orange  in  color.  Use  a  piece  of  white  paper  as 
a  background  to  make  the  color  change  more 
noticeable.  When  you  reach  the  point  where 
the  color  of  the  solution  has  just  changed,  read 
your  burette  again.  Determine  the  number  of 
ml  of  hydrochloric  acid  you  have  used  to  neu¬ 
tralize  1  ml  of  ammonia.  Record  your  results 
in  the  table. 

Test  another  1  ml  sample  of  the  same  brand 
of  ammonia  in  the  same  way  and  compare  the 
results.  If  your  work  is  precise,  these  results 
should  check  within  .4  ml.  If  they  vary  more 
than  that,  continue’  titrating  samples  until  the 
results  do  check.  Then  average  your  results 
and  record  the  average  in  the  table. 

Follow  the  same  procedure  for  each  of  the 
brands  of  household  ammonia  to  be  tested. 
You  can  now  determine  the  percentage  of  ac¬ 
tual  ammonia  in  each  bottle  by  multiplying 
the  average  number  of  milliliters  used  by  .85. 
(This  number  is  obtained  from  the  following 
equation : 

.5  X  .017  X  100 

- =  .85 

1 

Here  .5  represents  the  normality  of  the  hydro¬ 
chloric  acid;  .017  is  the  weight  of  ammonia  in 
1  ml  of  a  one-normal  solution;  1  is  the  weight 
in  grams  of  household  ammonia  used;  and  100 
is  the  factor  converting  to  per  cent. ) 


NAME 
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PERIOD  RATING 


BRAND  OF  HOUSE¬ 
HOLD  AMMONIA 

ML  OF  HYDROCHLORIC 

ACID  USED 

AVERAGE  ML 

USED 

%  OF  ACTUAL 
AMMONIA 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

1st  trial 

2nd  trial 

CONCLUSIONS  FROM  THE  EXPERIMENT 


To  determine  the  cost  per  ounce  of  actual 
ammonia  present,  you  will  have  to  know  the 
number  of  fluid  ounces  in  the  bottle,  the  retail 
cost  of  the  bottle,  and  the  weight  of  ammonia 
present.  The  number  of  fluid  ounces  in  the 
bottle  is  on  the  label. 

Find  the  number  of  weight  ounces  by  multi¬ 
plying  the  number  of  fluid  ounces  by  .958. 


Determine  the  weight  of  actual  ammonia 
present  by  multiplying  the  number  of  weight 
ounces  by  the  percentage  of  actual  am¬ 
monia. 

Calculate  the  cost  of  each  ounce  of  actual 
ammonia  by  dividing  the  cost  by  the  weight 
of  actual  ammonia.  Record  all  of  your  results 
in  the  table. 


BRAND  OF  HOUSE¬ 
HOLD  AMMONIA 

FL.  OZ. 

IN 

BOTTLE 

WT.  OZ. 

IN 

BOTTLE 

%  OF  ACTUAL 
AMMONIA  FOUND 

BY  EXPERIMENT 

WEIGHT  OF 

ACTUAL 

AMMONIA 

IN  BOTTLE 

RETAIL 

COST  OF 

BOTTLE 

COST  PER  OZ. 

OF  ACTUAL 

AMMONIA 

Which  of  the  brands  of  household  ammonia  that  you  tested  would  you  prefer  to  use? 


Explain. 


Furnished  ounce  of  actual  ammonia  at  lowest 


cost. 
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CONSUMER  APPLICATIONS 

1.  If  you  bought  a  bottle  of  household  ammonia  that  was  over  12%,  what  could  you  do  to  make 

,  ,  i  j  o  Dilute  solution  with  water. 

it  safer  for  your  hands? . 


2.  How  does  the  amount  of  actual  ammonia  present  in  a  pint  bottle  of  a  10%  solution  compare 

i  .  ^ ,  Xi1  ,  Knt  ,  0  Same  in  both  bottles. 

to  the  amount  present  m  a  quart  bottle  of  5%  solution? . 


3.  In  buying  household  ammonia,  how  can  you  use  what  you  have  learned  in  this  experiment? 

Read  label.  Figure  cost  per  ounce  of  actual  ammonia.  Brand  with  lowest  cost 

per  ounce  is  best  buy. 


4.  What  household  chemicals,  other  than  ammonia,  can  you  test  and  rate  in  the  same  way 
as  you  did  ammonia?  Water  eolutlcma  of  talclng  porter,  baklnggoda,  lye. . 
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DATE 


PERIOD 


RATING 


Experiment  8 

What  chemicals  are  used  in  baking  powders? 


PREPARING  YOURSELF 

What  is  the  difference  between  baking  pow¬ 
der  and  baking  soda?  Are  all  baking  powders 
alike? 

In  baking  bread  and  cake  the  fluffiness 
which  we  all  enjoy  is  produced  by  carbon- 
dioxide  gas.  The  slow  fermenting  action  of 
yeast  on  sugar  produces  this  gas  in  bread 
dough.  That  is  the  reason  bread  dough  must 
“rise”  from  six  to  eighteen  hours  before  bak¬ 
ing.  But  cakes,  cookies,  and  quick  breads  are 
usually  baked  as  soon  as  the  ingredients  have 
been  mixed  together.  A  chemical  must  be 
added  to  liberate  carbon  dioxide. 

You  have  already  noticed  the  reaction  of  so¬ 
dium  bicarbonate  (baking  soda)  with  acids  in 
Experiment  5.  When  sour  milk  is  used  in  bak¬ 
ing,  the  acid  of  the  milk  reacts  with  the  soda 
to  produce  carbon-dioxide  gas.  But  when 
sweet  milk  is  used,  no  carbon  dioxide  will  be 
liberated  unless  some  acid-forming  substance 
is  added.  A  mixture  of  baking  soda  and  such 
a  substance  is  known  as  a  baking  powder. 

There  are  three  main  types  of  baking  pow¬ 
ders  in  common  use:  (1)  the  phosphate  type, 
in  which  calcium  acid  phosphate  is  the  acid¬ 
forming  substance;  (2)  the  tartrate  type, 
which  contains  cream  of  tartar  (potassium 


FOR  THE  EXPERIMENT 

acid  tartrate)  and  sometimes  tartaric  acid;  and 
(3)  the  alum-phosphate  type.  This  last  type 
is  known  as  “double-acting”;  it  contains  both 
calcium  acid  phosphate  and  sodium  aluminum 
sulfate.  Commercial  bakers  use  ammonium 
carbonate  as  a  “double-acting”  baking  powder. 
It  releases  two  gases,  carbon  dioxide  and  am¬ 
monia.  Sometimes  starch  is  added  to  baking 
powders  to  help  absorb  moisture.  A  large 
amount  of  starch,  however,  acts  as  a  filler. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  617-620 

Chemistry  and  You.  pp.  441-442 

Chemistry  at  Work.  p.  558 

Chemistry  for  Secondary  Schools,  pp.  400-405 

Chemistry  in  Use.  pp.  483-484 

Dynamic  Chemistry,  pp.  377-378,  413-414 

First  Book  in  Chemistry,  pp.  468-469 

First  Principles  of  Chemistry,  p.  421 

First  Year  of  Chemistry,  pp.  333,  450 

Modern  Chemistry,  pp.  303,  517 

Modern  Everyday  Chemistry,  pp.  346-347 

Modern-Life  Chemistry,  pp.  464-465 

New  Practical  Chemistry,  pp.  342-343 

New  World  of  Chemistry,  pp.  365-368,  502 


1.  State  how  you  can  prove  that  cream  of  tartar  [KHC4H4O0]  dissolved  in  water  will  act  as 

.j  Test  solution  with  indicator  such  as  blue  litmus,  which  will  turn  red 

in  acid. 


2.  Explain  how  sodium  aluminum  sulfate  [NaAl(S04)2]  will  give  an  acid  effect  in  water. 

Forms  sodium  hydroxide  (strong  base ),  aluminum  hydroxide  (weak  base ),  and 

sulfuric  acid  (strong  acid).  More  H  ions  formed  from  sulfuric  acid  than  OH 
ions  from  bases. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Sodium  bicarbonate.  Clear  limewater.  Dilute  hydrochloric  acid.  Potassium 
acid  tartrate.  Three  brands  of  baking  powder.  Acetic  acid.  Logwood  extract.  Dilute  nitric 
acid.  Ammonium  molybdate  solution.  Ammonium  hydroxide.  Calcium  chloride  solution. 
Litmus  paper. 

apparatus  needed:  250  ml  Erlenmeyer  flask.  Two-hole  rubber  stopper.  Glass  tubing.  Four 
test  tubes.  Ring  and  ringstand.  Funnel.  Filter  paper.  Thistle  tube.  Balance.  Graduate. 


In  this  experiment  you  are  going  to  prepare 
carbon  dioxide  from  sodium  bicarbonate  in 
two  ways,  noticing  the  similarity  as  well  as  the 
difference  in  the  reactions.  You  will  also  pre¬ 
pare  a  sample  of  baking  powder  and  notice  its 
reaction  when  water  is  present.  Then  you 
will  test  different  brands  of  baking  powders 
to  see  what  chemicals  they  contain. 


a.  Liberation  of  carbon  dioxide.  Equip  a  250 
ml  Erlenmeyer  flask  with  a  two-hole  rubber 
stopper.  Insert  a  thistle  tube  in  one  of  these 
holes  and  a  delivery  tube  in  the  other  one. 
Adjust  the  thistle  tube  so  that  it  is  very  close 
to  the  bottom  of  the  flask.  Bend  the  delivery 
tube  so  that  it  goes  from  the  top  of  the  flask  to 
the  bottom  of  a  test  tube. 

Place  about  3  grams  of  sodium  bicarbonate 
in  the  Erlenmeyer  flask  and  5  ml  of  clear  lime- 
water  in  the  test  tube.  Pour  about  10  ml  of 
water  through  the  thistle  tube  into  the  flask. 
Notice  what  happens. 

Now  pour  about  10  ml  of  dilute  hydrochloric 
acid  through  the  thistle  tube  and  allow  the  gas 
that  escapes  to  bubble  through  the  limewater. 
The  cloudy  precipitate  ( the  insoluble  part  that 
will  slowly  settle)  which  you  see  in  the  test 
tube  is  calcium  carbonate  formed  by  the  reac¬ 
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tion  of  carbon  dioxide  and  limewater  ( calcium 
hydroxide).  It  is  a  test  for  carbon  dioxide. 

b.  Preparation  of  baking  powder.  Clean  your 
flask  and  dry  it.  Then  mix  1  gram  of  sodium 
bicarbonate  with  2  grams  of  potassium  acid 
tartrate  and  place  the  mixture  in  your  flask. 
Have  some  clear  limewater  in  your  test  tube 
as  before  and  add  water  to  this  mixture 
through  the  thistle  tube.  Note  the  result  and 
compare  it  with  the  results  you  had  in  Part  a 
of  the  experiment. 

c.  Testing  for  chemicals  in  baking  powders. 
Dissolve  10  grams  of  one  of  the  baking  pow¬ 
ders  in  15  ml  of  water.  Filter  the  solution  and 
divide  the  filtrate  (the  soluble  part  that  goes 
through  the  filter  paper)  into  three  equal  por¬ 
tions.  (Read  Using  a  Funnel  and  Filter  Paper 
on  p.  86. )  To  one  of  these  portions  add  1  ml  of 
acetic  acid  and  a  few  drops  of  logwood  extract. 
If  you  get  a  violet  color,  an  aluminum  com¬ 
pound  is  present  in  the  baking  powder.  This 
compound  is  sodium  aluminum  sulfate 
(alum).  Record  your  results  in  the  table. 

To  the  second  portion  of  the  filtrate  add  1  ml 
of  dilute  nitric  acid  and  1  ml  of  ammonium 
molybdate  solution.  Allow  the  mixture  to 
stand  for  a  few  minutes.  A  slow-forming  yel¬ 
low  precipitate  shows  that  a  phosphate  is  pres¬ 
ent.  Record  your  results  in  the  table. 

Place  a  piece  of  red  litmus  paper  in  the  third 
portion.  If  it  does  not  turn  blue,  add  ammo¬ 
nium  hydroxide  a  drop  at  a  time  until  it  just 
turns  blue.  As  soon  as  the  solution  is  slightly 
alkaline,  add  5  ml  of  calcium  chloride  solution. 
If  a  white  precipitate  is  formed,  you  have 
proved  that  the  baking  powder  contained 
either  a  tartrate  or  tartaric  acid.  Record  your 
results  in  the  table. 

Repeat  the  same  tests  with  the  other  two 
brands  of  baking  powders  and  record  all  of 
your  results  in  the  table. 
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NAME _  DATE  PERIOD  RATING 


BAKING  POWDER 

IS  ALUM 

PRESENT? 

IS  PHOSPHATE 
PRESENT? 

IS  TARTRATE  OR  TAR¬ 
TARIC  ACID  PRESENT? 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  How  would  you  prove  the  presence  of  carbon  dioxide?  .... 

water.  If  gas  is  carbon  dioxide,  white  precipitate  of  calcium  carbonate  will 

form. 

2.  Give  reasons  why  carbon  dioxide  was  liberated  in  each  of  the  reactions  in  Parts  a  and  b. 

Carbonic  acid  was  formed  by  action  of  acid  or  acid  salt  on  sodium  bicarbonate. 

Carbonic  acid  breaks  up  into  water  and  carbon-dioxide  gas . 


3.  (a)  What  substance  is  present  in  all  baking  powders?  . 

b)  Besides  the  substance  mentioned  in  a,  what  other  type  of  substance  must  be  present  in  baking 

,  0  Acid-forming  substance 

powder:  . . . 

4.  Complete  the  equations  for  the  following  reactions: 

NaHCO,  +  HCL  -»  . +  -J&9- . +  . 

NaHCOs  +  KHC4H40,.  ->  ..  !feEClfHlf06- . +  %° . +  . 

4NaHC03+  5Ca(H,P04)..  »  Ca3(PO,)2  +  4  NaH2P04  +  . +  .^1 . 

CONSUMER  APPLICATIONS 

1.  Explain  why  baking  soda  is  not  satisfactory  for  raising  dough  made  with  water  or  sweet 

To  form  carbon  dioxide,  baking  soda  must  react  with  acid -forming  sub¬ 
milk . 

stance.  Little  or  none  in  water  or  sweet  milk* . 
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2.  What  is  likely  to  happen  to  baking  powder  that  does  not  contain  a  drying  agent,  such  as 

,  o  Will  react  when  water  is  present  in  container  and  thus  become  worthless. 

starch?  . - . 

3.  Some  people  have  said  that  sodium  aluminum  sulfate  is  not  healthful.  Show  that  this  com¬ 
pound  is  not  present  in  cakes  baked  with  an  alum  baking  powder . 1 . 

reacts  with  baking  soda  to  form  aluminum  hydroxide,  sodium  sulfate,  and  car¬ 
bon  dioxide.  No  sodium  aluminum  sulfate  in  cakes  after  reaction. 


4.  One  baking  powder  contains  100  grams  of  sodium  bicarbonate  [NaHCOa]  and  500  grams 
of  cream  of  tartar  [KHC4H406].  Another  baking  powder  contains  100  grams  of  sodium  bicar¬ 
bonate  and  500  grams  of  calcium  acid  phosphate  [Ca(H2P04)2].  Which  baking  powder  will  pro¬ 
duce  the  most  carbon  dioxide? . .  Explain 

dioxide  comes  frcm  sodium  bicarbonate,  not  acid  salt. 


5.  If  a  cake  recipe  called  for  sour  milk  but  you  had  only  sweet  milk,  what  two  things  could 
you  do  to  make  the  cake?  . 


b) 


Add  cream  of  tartar  to  milk. 


„  ,  .  ,  ,  - i  .  x  Vinegar  contains  acetic  acid,  which  will 

Explain  why  each  of  these  would  work,  (a) . ... . . . 

react  with  baking  soda  to  form  carbon  dioxide. 


^  Cream  of  tartar  is  acid -faming  substance  that  will  react  with  baking  soda 
to  liberate  carbon  dioxide. 


36 


UNIT 

3 


Cleansers  and  Softeners 


What  is  a  good  cleanser?  What  are  the  different  kinds?  Where  should  each  be  used? 

You  know  that  keeping  clean  is  essential  to  good  health,  to  say  nothing  of  comfort  and 
appearance.  For  a  long  time  people  have  associated  disease  with  filth.  To  combat  dirt,  each 
family  used  to  make  its  own  soap. 

Today  you  can  buy  soap  products  in  bars,  cakes,  beads,  flakes,  chips,  powders,  pastes,  and 
liquids.  You  can  purchase  soaps  containing  water  softeners  whose  purpose  is  to  increase 
the  efficiency  of  soap  in  hard  water,  or  you  can  buy  the  softener  without  the  soap.  To  remove 
grease,  you  have  your  choice  of  liquids  that  dissolve  the  grease  or  cleansers  containing  hard, 
cutting  substances  (abrasives)  that  scrape  the  grease  off.  You  can  even  buy  “soapless  soap,” 
which  contains  no  soap  but  will  make  a  suds  in  hard  water,  salt  water,  or  even  ice  water. 

Each  type  of  cleanser  has  its  own  particular  value,  but  to  know  which  to  use  or  when  to 
use  it  is  a  problem  that  you  should  consider.  The  following  list  will  give  you  an  idea  of 
the  types  and  general  uses  of  cleansers. 

Pure  soap:  bathing  and  also  washing  silks,  woolens,  rayon,  celanese,  colored  goods. 

Built  soap  (soap  with  as  much  as  20%  water  softener):  dishwashing,  general  laundry. 
Washing  powder  (soap  with  about  80%  water  softener):  softening  water,  cleaning,  coarse  laundry. 
Water  softener  (contains  no  soap) :  cleaning  windows,  mirrors,  floors,  softening  water. 

“ Soapless ”  soap  (sodium  lauryl  sulfate):  washing  fine  laundry  in  hard  water. 

Scouring  powders  (abrasives  with  water  softeners,  sometimes  containing  soap) :  cleaning  iron 
ware,  floor  tiles. 

Liquid  solvents  (usually  carbon  tetrachloride  or  naphtha) :  dissolving  grease  in  clothing. 

Acid  solvents  (hydrochloric  acid  or  acid  salts) :  cleaning  toilet  bowls. 

Basic  solvents  (sodium  or  potassium  hydroxide  with  a  powdered  metal) :  opening  drains. 
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HEATING  LIQUIDS  AND  SOLIDS 


A  water  bath  is  a  device  used  to  keep  ma¬ 
terials  from  scorching  and  burning  while  they 
are  being  heated.  It  is  also  used  to  evaporate 
liquids  that  will  catch  fire  easily.  The  tem¬ 
perature  of  the  material  you  are  heating  does 
not  go  above  the  boiling  point  of  water.  Your 
mother  uses  the  same  idea  when  she  makes 
puddings  or  cooks  cereals  in  a  double  boiler. 
When  you  use  a  water  bath  for  heating  or 
evaporating,  you  will  not  have  to  watch  your 
flame  so  carefully. 


Use  a  large  beaker  or  pan  placed  on  a  wire 
gauze  and  then  supported  by  the  ring  of  your 
ringstand  as  shown  in  Figure  1.  Fill  the 
beaker  about  half  full  of  water.  If  the  material 
you  wish  to  heat  is  in  an  evaporating  dish  or 
on  a  watch  glass,  set  either  of  these  containers 
on  top  of  the  beaker.  If  the  material  is  in  a 
test  tube,  set  the  test  tube  in  the  beaker.  Heat 
the  water  to  boiling  and  let  it  keep  on  boiling 
until  the  evaporation  or  drying  on  top  of  the 
beaker  has  taken  place. 


FIGURE  1  FIGURE  2 

Evaporating  dishes  should  always  be  placed 
on  a  wire  gauze  to  spread  the  heat  as  shown 
in  Figure  2.  To  heat  a  substance  in  a  crucible, 
support  the  crucible  on  a  clay  triangle  (Fig¬ 
ure  3)  and  let  the  flame  strike  the  crucible 


FIGURE  3 

directly.  Be  sure  to  handle  both  crucibles  and 
evaporating  dishes  with  metal  tongs  or  forceps. 
Never  set  them  down  on  any  surface  that  will 
be  ruined  by  heat.  Do  not  weigh  a  hot  con¬ 
tainer  on  your  balance.  Let  it  cool  first. 
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SUGGESTIONS  FOR  TEACHING  UNIT  3 


The  chemistry  of  cleansers  and  softeners  pro¬ 
vides  practical,  up-to-the-minute  applications  of 
the  principles  of  hydrolysis  and  double  decompo¬ 
sition.  Very  few  communities  have  water  that  is 
naturally  soft.  Usually  some  type  of  commercial 
softener  must  be  used.  Otherwise  the  soap  bill 
would  be  outrageously  high. 

The  experiments  in  this  unit  have  been  pre¬ 
pared  to  explain  the  hardness  in  water,  how  the 
hardness  may  be  removed,  and  the  chemical  prin¬ 
ciples  nesessary  to  bring  this  about.  By  stressing 
the  reactions  taking  place  between  the  metallic 
ion  causing  the  hardness  and  the  non-metal  radi¬ 
cal  supplied  by  the  water  softener,  you  can  give 
the  students  a  tangible  and  practical  understand¬ 
ing  of  double  decomposition.  They  are  also  made 
aware  of  the  differences  in  solubility  of  different 
salts. 

An  indiscriminate  use  of  different  kinds  of  soft¬ 
eners  and  abrasive  cleansers  usually  results  in 
some  surface  being  scratched  or  marred.  It  is  im¬ 
portant  for  a  consumer  to  know  just  when  and 
where  to  use  these  materials,  but  it  is  also  impor¬ 
tant  for  him  to  know  why.  When  he  understands 
the  “why,”  he  will  be  able  to  judge  values  with 
better  results. 

OBJECTIVES  OF  THE  UNIT 

1.  To  understand  how  soap  is  prepared  and 
how  it  cleans  (Exp.  9) . 

2.  To  secure  an  understanding  of  hardness  in 
water  and  how  it  may  be  removed  (Exp.  10,  11, 
12). 

3.  To  become  acquainted  with  chemicals  that 
will  serve  as  water  softeners  (Exp.  10,  11,  12) . 

4.  To  be  able  to  select  an  efficient  and  satisfac¬ 
tory  water  softener  (Exp.  12) . 

5.  To  learn  the  composition  of  scouring  pow¬ 
ders,  when  to  use  them,  and  when  not  to  use  them 
(Exp.  13). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  Saponification  (Exp.  9) . 

2.  Water  softening  (Exp.  10,  11,  12). 

3.  Hydrolysis  and  double  decomposition  (Exp. 

10,  11,  12).  ' 

4.  Qualitative  analysis  reactions  of  phosphates, 
carbonates,  and  borates  (Exp.  11) . 

5.  Titration  with  soap,  using  suds  as  an  indi¬ 
cator  (Exp.  10,  12). 

6.  Effect  of  alkalis  and  abrasives  on  enamels 
and  vitreous  ware  (Exp.  13) . 

7.  Selection  of  “best  buy”  (Exp.  12) . 

8.  Calculation  of  costs  (Exp.  9,  12) . 


HINTS  TO  THE  TEACHER 

Experiment  9.  If  prepared  as  directed,  both  the 
bar  soap  and  shaving  cream  can  be  used  by  the 
students.  Allow  the  students  to  prepare  either 
one.  The  principle  of  saponification  is  the  same  in 
both.  (Boys  will  probably  want  to  prepare  shaving 
cream.)  Be  sure  that  complete  neutralization  has 
taken  place  so  that  there  will  be  no  excess  hydrox¬ 
ide  in  the  finished  product.  Secure  the  cost  of  the 
ingredients  from  the  supply  catalog  so  that  the  stu¬ 
dents  will  be  able  to  calculate  the  cost  of  their 
products. 

Experiment  10.  It  is  advisable  to  make  up 
enough  hard  water  (15  grams  of  magnesium  sul¬ 
fate  in  5  gallons  of  water)  for  all  classes  doing  the 
experiment.  If  your  local  water  supply  is  very 
hard,  it  may  be  substituted  for  prepared  hard 
water.  The  soap  solution  may  be  prepared  by 
diluting  1  liter  of  commercial  soap  with  4  liters 
of  water  or  by  dissolving  and  mixing  10  grams  of 
soap  in  a  liter  of  water.  Both  the  hard  water  and 
soap  solution  should  be  kept  in  a  convenient  con¬ 
tainer  as  shown  on  page  12a. 

Use  either  an  iron  pipe  or  glass  cylinder  about 
12  inches  long  for  the  commercial  softening  ap¬ 
paratus.  Tie  fine  cheese  cloth  around  the  bottom 
and  fill  the  cylinder  with  zeolite  or  permutit  as 
shown  on  page  45. 

Experiment  11.  Emphasize  that  it  is  very  essen¬ 
tial  for  each  student  to  observe  each  of  the  tests  on 
the  three  known  compounds.  Only  in  this  man¬ 
ner  will  he  be  able  to  recognize  the  compounds 
found  in  the  commercial  softeners.  Buy  different 
types  of  softeners  for  class  use.  If  all  of  the  soft¬ 
eners  are  trisodium  phosphate,  the  class  will  soon 
lose  interest  in  the  experiment. 

Experiment  12.  The  procedure  here  is  similar 
to  that  of  Experiment  10.  Give  the  students  the 
retail  cost  of  each  package.  Be  sure  that  they  read 
the  label  to  secure  the  weight  and  then  calculate 
the  cost  per  pound. 

Experiment  13.  The  reason  for  testing  soap 
flakes  and  trisodium  phosphate  with  scouring 
powders  is  to  show  the  pupil  which  of  the  sub¬ 
stances  usually  present  in  a  scouring  powder  will 
affect  aluminum.  Be  sure  that  the  glass  plates 
used  for  testing  abrasives  are  free  from  scratches 
before  being  used  in  the  tests. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

10  gm  boric  acid,  powdered 

20  ml  hydrochloric  acid,  dilute 

20  ml  nitric  acid,  dilute 
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1  lb.  stearic  acid,  powdered 
V4  lb.  coconut  oil 

lb.  potassium  hydroxide  pellets 
Y4  lb.  sodium  hydroxide  pellets 
40  ml  glycerine 

3  gm  oil  of  lavender  (perfume) 

10  ml  phenolphthalein 
15  gm  magnesium  sulfate  crystals 
1  liter  distilled  water 
10  gm  soap  or  1  liter  commercial  soap 
Yz  lb.  zeolite  or  permutit 
litmus  paper  (blue) 
turmeric  paper 
150  ml  clear  limewater 
90  ml  ammonium  molybdate  solution 
20  ml  sodium  hydroxide  solution 
Y4  lb.  sodium  carbonate 
Y4  lb.  sodium  tetraborate 
Y4  lb.  trisodium  phosphate 
6  sq.  in  aluminum  sheet  cut  in  small  straps 
6  sq.  in.  copper  sheet  cut  in  small  strips 
6  sq.  in.  steel  sheet  cut  in  small  strips  or  Y4  lb. 
small  iron  nails 
10  glass  plates 

1  oz.  soap  flakes  or  chips 

3  brands  of  water  softeners  (different  types) 

2  brands  of  soap  powder  or  built  soap 

4  brands  of  scouring  powder 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  balance,  double-pan 
1  balance,  triple-beam 

5  150-ml  beakers 
5  250-ml  beakers 

20  beakers  or  flasks  (any  size) 

5  Bunsen  burners 

15  wide-mouth  bottles  (4  oz.)  and  stoppers 
5  25-ml  burettes 
5  burette  clamps 
1  large  clamp  (condenser) 

Y4  yd.  cheese  cloth 


5  cups  (or  400  ml  beakers) 

1  glass  or  iron  cylinder,  2  in.  by  12  in. 
glass  tubing 

5  10-ml  or  25-ml  graduates 
filter  paper 
5  funnels  (3  in.) 

5  pans  or  water  baths 
5  rings  and  ringstands 
rubber  tubing 
5  wooden  spoons  or  spatulas 

5  one-hole  stoppers 

6  doz.  test  tubes,  soft  glass 

SUGGESTED  PROJECTS 

1.  Preparation  of  soap  by  “salting  out”  process. 

2.  Making  soap  from  old  lard  or  tallow. 

3.  Preparation  of  perfumed  bath  salts. 

4.  Collecting  and  grinding  different  abrasive 
materials. 

5.  Collecting  information  on  the  cost  of  soften¬ 
ing  water  in  a  municipal  water-softening  plant 
and  in  the  home. 

6.  Preparation  of  a  chart  showing  the  compara¬ 
tive  hardness  of  abrasives  used  in  scouring  pow¬ 
ders. 

7.  Securing  samples  of  water  from  different 
localities  and  comparing  their  hardness. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  How  do  laundry  soap,  toilet  soap,  and  medic¬ 
inal  soap  differ? 

2.  What  characteristics  are  desirable  in  a  shav¬ 
ing  cream? 

3.  What  makes  water  hard? 

4.  How  should  a  water  softener  affect  hard 
water? 

5.  What  chemicals  will  soften  water? 

6.  What  things  should  be  considered  in  select¬ 
ing  a  water  softener? 

7.  What  surfaces  should  not  be  cleaned  with  a 
scouring  powder? 
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Experiment  9 

How  can  you  make  soap? 


PREPARING  YOURSELF 

Your  most  important  cleanser  is  soap  and 
water.  Soap  forms  a  suds  in  water.  The  suds 
encircles  the  dirt  particles  so  that  they  can  be 
washed  away  by  the  water. 

Soap  is  formed  by  the  action  of  a  base,  such 
as  sodium  hydroxide  or  potassium  hydroxide, 
on  a  fatty  acid.  The  fatty  acid  may  be  found 
in  animal  fat,  such  as  lard  or  tallow,  or  in  a 
vegetable  oil.  The  formation  of  sodium  stear¬ 
ate,  a  typical  soap,  is  represented  by  the  fol¬ 
lowing  equation: 

C17H35COOH  +  NaOH-»C17H35COONa  +  H20 
stearic  acid  +  sodium  — »  sodium  -f  water 
(in  tallow)  hydroxide  (lye)  stearate  (soap) 

Sodium  hydroxide  produces  a  hard  soap; 
potassium  hydroxide,  a  soft  soap.  These  two 
bases  are  therefore  usually  mixed  in  propor¬ 
tions  which  will  give  the  desired  amount  of 
hardness  to  the  soap.  A  shaving  soap  that 
lathers  is  a  soft  soap. 

Besides  fatty  acids  and  alkalis,  other  ingre¬ 
dients  are  sometimes  used  in  soaps.  Except 
for  water  softeners,  these  substances  usually 
do  not  increase  the  cleansing  power.  In  fact, 
the  main  purpose  of  the  added  ingredients  is 
to  give  soaps  a  certain  desired  odor.  For  ex¬ 
ample,  sweet-smelling  toilet  soaps  contain 
perfume.  Carbolic  acid  (phenol)  gives  soap 

1.  How  did  the  pioneers  make  soap? 

wood  ashes  in  large  iron  kettles. 


FOR  THE  EXPERIMENT 

a  medicinal  smell.  It  is  supposed  to  remove 
objectionable  body  odors  but  probably  only 
conceals  them  with  another  odor  equally  ob¬ 
jectionable. 

Laundry  soaps  sometimes  contain  naphtha, 
which  has  a  “clean’’  smell  and  is  an  excellent 
solvent  for  grease.  However,  it  is  doubtful 
whether  there  is  enough  naphtha  in  most  soaps 
of  this  type  to  have  any  great  effect  in  washing 
clothes. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  489,  518,  583- 
586 

Chemistry  and  You.  pp.  506-507 
Chemistry  at  Work.  pp.  415-418,  482-484 
Chemistry  for  Secondary  Schools,  pp.  338-343 
Chemistry  in  Use.  pp.  267,  268,  277,  428,  530- 
537 

Dynamic  Chemistry,  pp.  692-695 
First  Book  in  Chemistry,  pp.  561-565 
First  Principles  of  Chemistry,  pp.  682-684 
First  Year  of  Chemistry,  pp.  528-531 
Modem  Chemistry,  pp.  699-703 
Modern  Everyday  Chemistry,  pp.  368-372 
Modern-Life  Chemistry,  pp.  662-664 
New  Practical  Chemistry,  pp.  463-465 
New  World  of  Chemistry,  pp.  591-593 


Heated  lard  or  tallow  with  lye  leached  from 


Added  salt  to  separate  soap  from  glycerine. 


0  ,,,,  ,  .  ,  i  t  .,  .  j.  .9  Covering  particles  of  dirt  with  soap  film 

2.  What  is  meant  by  emulsifying  dirtr  . 5. . ...5. . 

so  that  they  can  he  easily  washed  away  with  water. 
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„  m  Making  soap.  Reaction  between  fatty  acid  and 

3.  Tell  what  saponification  means . 3 . . . . . 

strong  base  to  form  metallic  salt  of  acid  and  water. 

4.  Give  one  advantage  of  hot  water  over  cold  water  in  washing  clothes . 

faster  in  hot  water  and  thus  emulsifies  dirt  faster. 


5.  What  is  the  difference  between  soap  for  ordinary  laundry  and  soap  for  bathing?  .„™?. 

for  bathing  should  be  neutral.  Laundry  soap  usually  contains  free  alkalies. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Sodium  hydroxide.  Potassium  hydroxide.  Coconut  oil.  Stearic  acid. 
Glycerine.  Phenolphthalein.  Boric  acid  powder.  Oil  of  lavender  or  some  other  perfume. 
apparatus  needed:  Balance.  Graduate.  Pan  or  water  bath.  Cup  or  400  ml  beaker.  150  ml 
beaker.  250  ml  beaker.  Bunsen  burner.  Ring  and  ringstand.  Spoon  or  spatula.  Cloth. 


In  this  experiment  you  are  going  to  make 
soap  by  neutralizing  stearic  acid  and  lauric 
acid,  present  in  coconut  oil,  with  a  mixture  of 
potassium  hydroxide  and  sodium  hydroxide. 
a.  Preparation  of  toilet  soap.  Place  8  grams  of 
coconut  oil  in  your  cup  or  400  ml  beaker.  Dis¬ 
solve  3  grams  of  sodium  hydroxide  in  20  ml 
of  water  and  add  this  solution  to  the  coconut 
oil.  Place  the  cup  or  400  ml  beaker  in  a  pan 
of  hot  water  or  in  a  water  bath  and  heat  for 
ten  minutes.  While  the  heating  is  going  on, 
melt  39  grams  of  stearic  acid  in  the  150  ml 
beaker. 

Dissolve  5  grams  of  potassium  hydroxide 
in  30  ml  of  water  and  add  4  ml  of  glycerine  to 
the  solution.  As  soon  as  these  two  substances 
are  thoroughly  mixed,  pour  them  into  the  hot 
solution  of  coconut  oil  and  sodium  hydroxide. 
Stir  for  a  few  minutes  with  your  spoon  or  spat¬ 
ula  and  then  pour  the  melted  stearic  acid  into 
your  mixture  of  bases.  Continue  to  heat  the 
mixture  in  the  pan  or  water  bath  for  fifteen 
minutes.  As  it  thickens,  add  30  ml  of  water. 

Continue  stirring  so  that  a  complete  chemi¬ 
cal  reaction  will  take  place.  Add  2  or  3  drops 
of  phenolphthalein  solution  to  test  whether  or 
not  your  mixture  is  alkaline.  If  the  soap  solu¬ 
tion  turns  pink,  melt  a  little  more  stearic  acid 
and  add  it  a  little  at  a  time  until  the  pink  color 
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just  disappears.  Remove  the  beaker  from  the 
pan  or  water  bath  and  begin  cooling  slowly. 
When  it  is  cool  enough  to  handle,  add  8  to  10 
drops  of  perfume. 

Shape  the  soap  into  a  cake  with  your  hands 
or  mold  it  in  a  cup  and  then  wrap  it  in  a 
cloth.  Allow  the  soap  to  remain  wrapped  for 
at  least  twenty-four  hours.  By  that  time  the 
saponification  should  be  complete.  Weigh  your 
soap  sample  and  record  the  weight . gm 

Show  your  soap  sample  to  your  instructor 

for  his  approval.  Approved . 

b.  Preparation  of  brush-type  shaving  cream. 
The  difference  between  toilet  soap  and  brush- 
type  shaving  cream  is  in  the  amount  of  potas¬ 
sium  and  sodium  hydroxide  used  to  saponify 
the  fatty  acids.  The  more  potassium  hydrox¬ 
ide,  the  softer  the  soap  will  be. 

Follow  the  same  procedure  in  making  shav¬ 
ing  cream  as  in  making  toilet  soap,  but  use  1 
gram  of  sodium  hydroxide  instead  of  3  grams 
and  use  7.5  grams  of  potassium  hydroxide  in¬ 
stead  of  5  grams.  When  the  solution  is  neutral 
to  phenolphthalein,  add  about  V2  gram  of  boric 
acid  powder  and  beat  it  into  the  solution. 

Weigh  your  soap  sample  and  record  the 
weight.  . gm 

Show  your  soap  sample  to  your  instructor 
for  his  approval.  Approved  . 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Why  are  some  soaps  soft  and  some  hard,  although  they  are  both  made  from  similar  fats? 

Sodium  hydroxide  forms  hard  soaps.  Potassium  hydroxide  forms  liquid  soaps. 

Two  kinds  are  mixed  to  form  soap  of  desired  hardness. 


2.  Read  over  the  instructions  for  preparing  soap.  About  what  percentage  of  your  soap  is 
water? 

3.  Why  do  soaps  lather  more  easily  when  first  unwrapped  than  they  do  after  lying  on  the 

soap  dish  for  a  few  days?  (Hint:  What  is  there  in  soap  that  might  slowly  disappear? 

soaps  contain  more  water,  which  makes  them  lather  more  easily.  After  "being 

unwrapped  for  a  few  days,  soaps  lose  water. 


.  ,  .  ,  j  j.  ,  Grease  and  dirt  are  surrounded  by 

4.  Explain  how  soap  removes  grease  and  dirt . . . 

soap  so  that  they  can  he  washed  away  by  water.  Free  alkali  in  soap  will  also 
saponify  grease. 


5.  (a)  From  the  cost  of  your  ingredients  (given  to  you  by  your  instructor),  determine  the 

cost  of  your  soap.  .  (b)  AA^hat  would  one  pound  of  your  soap  cost?  . 

6.  Laurie  acid  has  the  formula  CnH23COOH.  Show  by  an  equation  what  happens  when  it 
is  treated  with  potassium  hydroxide. 

C11H23C00H  +  K0E_J ►  C11H23C00K  +  B2° 
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CONSUMER  APPLICATIONS 

1.  Should  pure  soap  be  acid,  basic,  or  neutral?  ... .  Why? 

ful  to  skin  and  clothing  if  not  neutral. 


2.  What  effect  will  a  basic  soap  have  on  the  skin?  ™ • ....  .^9^la9:7. .  s.  “ 

suss  are  acted  on  by  strong  bases  used  to  make  soaps. 


3.  How  much  soap  should  be  used  in  washing  clothes?  . 

suds. . 

4.  Considering  the  cost  of  the  ingredients,  which  would  a  manufacturer  be  likely  to  use  in 

excess,  fatty  acid  or  alkali?  . . 

5.  What  weight  of  sodium  stearate  can  be  produced  from  30  pounds  of  fat  that  contain  70% 

stearic  acid?  ^?.*.9§..lb.  Show  your  calculations.  79^..®?..?.?..™.*....™ .??. . 

stearic  acid  is  284.  Mol.  vt.  of  sodium  stearate  is  JO 6.  306  4  284  =■  1.08 

21  lb.  x  1.08=  22.68  lb. 


6.  One  of  the  old  ways  of  testing  the  purity  of  soap  is  to  taste  it.  If  the  soap  is  bitter  and 
bites  the  tongue,  it  is  not  fit  to  use  on  the  face  and  hands.  What  causes  this  bitter  taste? 

Free  alkali  in  soap,  which  has  bitter  taste. 

7.  Is  it  more  economical  to  use  soap  chips,  flakes,  and  powders  than  it  is  to  use  bar  soap? 

(Vary)  (While  soap  chips,  flakes,  and  powders  are  less  waste  - 

.  Give  your  reasons . 

ful  to  use,  they  may  contain  fillers  or  water  softeners.  Economy  will  depend 
on  amount  of  actual  soap  bought. ) 
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PERIOD  RATING 


Experiment  10 


How  can  water  be  softened? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  makes  the  water  hard?  Why  are 
water  softeners  used? 

Perhaps  you  have  heard  your  mother  com¬ 
plain  about  the  water  when  she  is  doing  her 
laundry  work  or  dishwashing.  If  you  spoke 
to  an  engineer  in  charge  of  steam  engines, 
you  would  hear  more  complaints  about  hard 
water. 

There  are  not  many  substances  that  cause 
hardness  in  water,  although  there  are  different 
degrees  of  hardness.  The  degree  of  hardness 
depends  on  the  different  amounts  of  minerals 
in  the  water.  A  softening  process  will  consist 
in  removing  these  minerals  or  in  changing 
them  so  that  they  cannot  attack  soap. 

As  you  have  already  learned,  soap  removes 
dirt  by  surrounding  dirt  particles  with  suds 
so  they  can  be  washed  away  by  water.  How¬ 
ever,  a  good  suds  cannot  be  formed  in  hard 
water  with  ordinary  soap  until  the  water  has 
been  softened.  Soap  will  soften  water  if  you 


use  enough  of  it,  but  it  is  very  wasteful  to  use 
soap  as  a  water  softener. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  364-365,  584- 
586 

Chemistry  and  You.  pp.  613-615 
Chemistry  at  Work.  pp.  483,  565-568 
Chemistry  for  Secondary  Schools,  pp.  55-63, 
343,  402,  412-420,  477,  480 
Chemistry  in  Use.  pp.  534-535 
Dynamic  Chemistry,  pp.  414-417 
First  Book  in  Chemistry,  pp.  391-392 
First  Principles  of  Chemistry,  pp.  488-492,  684 
First  Year  of  Chemistry,  pp.  426-427 
Modern  Chemistry,  pp.  131,  370-372 
Modern  Everyday  Chemistry,  pp.  373-374 
Modem-Life  Chemistry,  pp.  481-487,  663-664 
New  Practical  Chemistry,  pp.  396-399 
New  World  of  Chemistry,  pp.  509-511,  594 


1.  How  can  you  distinguish  hard  water  from  soft  water? . 

Soap  will  not  form  a  good  suds  as  easily  in  hard  water  as  in  soft  water. 


2.  What  dissolved  substances  make  water  hard? 


Soluble  salts  of  calcium  and 


magneslua. 


„  ,  ,  ,  ,,  „  ,  .  Bicarbonates  of  cal 

3.  (a)  Name  the  substances  that  cause  temporary  hardness . 

clum  and  magnesium. 

o)  Name  the  substances  that  cause  permanent  hardness . :. . . . 

other  soluble  salts  of  calcium  and  magnesium  (except  bicarbonates). 
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TTT1  .  . ,  .  .  ,  ,  JO  Expensive  to  use  soap  to  soften  water  so 

4.  Why  should  hard  water  be  softened?  . . . . . 

that  it  can  form  good  suds.  Also  lime  soap  formed  in  hard  water  turns  clothes 
yellow. 

Ze  olites 

5.  What  substances  are  used  to  soften  water  in  commercial  softeners?  . 

(sodium  aluminum  silicates)  sold  under  various  trade  names. 


6. 


How  does  hard  water  affect  boilers  and  steam  pipes? 


Calcium  and  magnesium  salts 


deposited  on  inside  surfaces  as  scale,  partially  closing  pipes  and  reducing 


heat  efficiency. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Distilled  water.  Hard  water  (15  grams  of  magnesium  sulfate  in  5  gallons 
of  water).  Trisodium  phosphate.  Sodium  carbonate  (sal  soda).  Sodium  tetraborate  (borax). 
Soap  solution. 

apparatus  needed:  Graduate.  Burette.  Burette  clamp.  Ringstand.  Three  wide-mouth  bottles 
with  stoppers  to  fit.  Commercial  water-softening  apparatus.  (This  apparatus  can  be  made  by 
tying  a  cloth  at  one  end  of  a  2-inch  iron  pipe  or  glass  cylinder  about  12  inches  long  and  filling 


it  with  zeolite  or  permutit.  Clamp  the  cylinder 
through  it.  See  the  diagram  on  p.  45.) 

In  this  experiment  you  are  going  to  find  out 
how  much  soap  you  need  to  make  a  good  suds 
in  different  samples  of  water.  Besides  using 
distilled  water,  you  will  use  hard  water  and 
soften  it  with  different  kinds  of  water  soften¬ 
ers.  The  softeners  will  remove  the  hardness 
in  a  manner  similar  to  this  reaction: 

Ca(HC03)2  +  Na2C0a->CaC03  i  +  2NaHC03 

calcium  +  sodium  — »  calcium  -f  sodium 
bicarbonate  carbonate  carbonate  bicarbonate 

Calcium  bicarbonate  is  one  of  the  soluble 
minerals  that  cause  hardness.  When  sodium 
carbonate  is  added  to  it,  calcium  carbonate 
is  formed.  This  substance  is  so  slightly  soluble 
that  it  does  not  interfere  with  the  sudsing  ac¬ 
tions  of  soap.  The  sodium  bicarbonate  formed 
has  no  effect  on  the  soap. 

You  can  tell  which  material  softens  water 
the  best  by  the  amount  of  soap  used.  The  sam¬ 
ple  using  the  smallest  amount  of  soap  will  be 
the  softest. 


in  a  vertical  position  and  pour  the  hard  water 

a.  Distilled  water.  Measure  out  a  25  ml  sam¬ 
ple  of  distilled  water  and  place  it  in  a  clean 
wide-mouth  bottle.  Fill  your  burette  with  the 
soap  solution.  After  taking  the  burette  read¬ 
ing,  add  .2  ml  of  soap  solution  to  the  water 
sample.  Then  stopper  the  bottle  and  shake. 
Continue  adding  soap  solution,  .2  ml  at  a  time, 
stoppering  after  each  addition  and  shaking 
until  a  suds  is  formed.  This  suds  should  ex¬ 
tend  about  one-half  inch  above  the  water  level 
and  remain  there  at  least  thirty  seconds. 
When  this  point  is  reached,  read  your  burette 
and  determine  the  volume  of  soap  solution 
used  to  produce  suds.  Record  your  results  in 
the  table. 

Repeat  the  process  with  a  similar  sample 
and  compare  the  two  results.  (All  titration 
work  should  be  done  in  duplicate  to  check 
your  own  work.  If  the  two  results  are  reason¬ 
ably  similar,  average  them.  If  they  are  not 
similar,  continue  titrating  the  same  sample 
until  your  results  check. ) 
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b.  Hard  water.  Repeat  the  same  procedure, 
using  a  25  ml  sample  of  hard  water  instead 
of  distilled  water.  Record  your  results  in  the 
table. 


CLAMP 


HARD  WATER 

2"pipe 


CLOTH 


SOFTENED  WATER 


c.  Water-softening  apparatus.  Pass  some  hard 
water  through  the  commercial  water-softening 
apparatus.  Measure  out  25  ml  of  this  water 
and  proceed  as  in  Part  a.  Record  your  results 
in  the  table. 

d.  Other  softeners.  Measure  out  three  25  ml 
samples  of  hard  water  in  separate  wide-mouth 
bottles.  To  one  add  V4  gram  of  trisodium 
phosphate;  to  another,  V4  gram  of  sodium  car¬ 
bonate;  to  the  third,  V*  gram  of  sodium  tetra¬ 
borate.  After  the  salts  have  dissolved,  proceed 
with  each  separately  as  in  Part  a.  Record  all 
your  results  in  the  table. 

Now  complete  the  table.  Label  the  softest 
sample  1,  the  next  softest  2,  and  so  on  for  the 
others. 


ML 

OF  SOAP  SOLUTION 

RELATIVE 

WATER  SAMPLE 

FIRST  TRIAL 

SECOND  TRIAL 

AVERAGE 

HARDNESS 

Distilled  water 

1 

Hard  water 

6 

Hard  water  passed  through  zeolite  or  permutit 

3 

Hard  water  with  trisodium  phosphate 

2 

Hard  water  with  sodium  carbonate  (sal  soda) 

k 

Hard  water  with  sodium  tetraborate  (borax) 

5 

CONCLUSIONS  FROM  THE  EXPERIMENT 

__  ,  ,  i  o  Before  suds  will  farm,  soluble  cal 

1.  What  action  does  hard  water  have  on  soap?  . -- . 

cium  and  magnesium  salts  react  with  soap  to  form  insoluble  calcium  and  mag¬ 
nesium  soaps  (seen  as  scum  or  ring). 

2.  Do  all  hard  waters  have  the  same  degree  of  hardness?  Explain.  . 

dissolved  minerals  varies  in  different  waters. 


,  .  .  .  .  .  ,  9  (1)  Temporary  -  simple 

3.  What  chemical  principle  is  involved  m  softening  water . 

decomposition.  (2 )  Permanent  -  double  aeccmpraitt^ 
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4.  If  hardness  is  caused  by  magnesium  sulfate,  show  by  equations  how  three  water  softeners 
react  with  magnesium  sulfate  so  that  the  soap  will  be  free  to  form  suds.  (Formulas:  magne¬ 
sium  sulfate,  MgS04;  trisodium  phosphate,  Na3P04;  sodium  carbonate,  Na2C03;  sodium  tetra¬ 
borate,  Na2B407.) 

3MgS0lf  +  2^0^ M83  (PO^  )^f  31fe2S0^ 

MgSO^  +  NagCO^  — V  MgCO^J, 

MgSO^  +  -4  Hetty  0^4 

CONSUMER  APPLICATIONS 

1.  If  trisodium  phosphate,  sal  soda,  and  borax  cost  the  same,  which  would  you  recommend 

as  the  “best  buy”  based  on  this  experiment?  ...  Tr‘8odiu“J)hoe?hate. .  Why?  Softon84 

more  hard  water  than  same  amount  of  other  two  softeners. 


2.  What  weight  of  trisodium  phosphate  would  you  need  to  neutralize  a  sample  of  water  that 

contained  1.2  grams  of  magnesium  sulfate?  .^•.9?...gm  Show  your  calculations.  . 

above )  Mol.  wt.  of  MgSty  is  120.  120  x  3  =  360  Mol.  wt.  of  Ba^PQty.  is  16^. 

16U-  x  2-  328  328  r  360  x  1.2  gm  =  1.09 

3.  Suppose  the  water  in  your  community  is  hard.  How  could  you  find  out  if  the  hardness  is 

„  „  ,„0  Boil  sample  of  hard  water.  If  hardness  is  removed, 

temporary  or  permanent  ?  . r. . . 

temporary  hard  water  is  present.  If  not,  permanent  hard  water  is  present. 


4.  List  some  household  chemicals  that  can  be  used  to  soften  water. 

borax,  amnonia  water,  etc. 


Soap,  sal  soda. 


5.  If  you  lived  in  a  community  where  water  was  hard,  would  you  recommend  that  the  city 

install  a  water-softening  plant  or  that  each  household  soften  its  own  water? 

softening  p lent.  Why?  Should  be  much  cheaper  to  soften  a  11  water 

in  one  place. 
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Experiment  11 

What  chemicals  do  water  softeners  contain  ? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  do  you  buy  when  you  buy  a  water 
softener?  Judging  from  the  number  of  differ¬ 
ent  brands  on  the  market,  you  might  think 
there  were  dozens  of  different  chemical  com¬ 
pounds  used  to  soften  water.  Is  this  really  so? 
How  can  you  test  different  softeners  to  find 
out? 

Many  common  chemicals  are  packaged  and 
sold  under  different  trade  names.  A  chemical 
cannot  be  patented,  but  a  trade  name  can  be 
registered.  It  is  therefore  possible  to  buy  the 
same  chemical  under  many  trade  names.  This 
is  especially  true  of  water  softeners. 

Most  bath  salts  are  water  softeners  that  have 
been  colored  and  perfumed.  Of  course  neither 
the  color  or  the  perfume  has  any  softening 
effect  on  hard  water. 

As  a  consumer,  you  may  be  interested  in 
knowing  just  what  elements  and  compounds 
are  contained  in  the  water  softeners  you  use. 
Whenever  a  chemist  wants  to  find  out  what  a 
substance  contains/  he  performs  a  series  of 


identifying  tests.  By  noticing  the  reactions 
that  take  place,  he  is  able  to  state  definitely 
just  what  elements  and  compounds  are  present. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  259-260 
Chemistry  and  You.  pp.  607-608,  615-617 
Chemistry  at  Work.  pp.  565-568 
Chemistry  for  Secondary  Schools,  pp.  223, 
373,  402,  417-419 
Chemistry  in  Use.  pp.  534-535 
Dynamic  Chemistry,  pp.  417-419 
First  Book  in  Chemistry,  pp.  415,  564 
First  Principles  of  Chemistry,  p.  300 
First  Year  of  Chemistry,  pp.  426-427 
Modern  Chemistry,  p.  516 
Modern  Everyday  Chemistry,  p.  373 
Modern-Life  Chemistry,  pp.  386,  460,  482-487 
New  Practical  Chemistry,  pp.  341-342,  366 
New  World  of  Chemistry,  pp.  503,  520-524, 
554 


1.  What  chemical  compounds  have  you  already  met  that  you  know  are  water  softeners? 

Ammonia  water,  soap,  sodium  carbonate  (sal  soda sodium  te trab orate  (borax ), 

trisodium  phosphate . . 


2.  Are  water  softeners  acid,  basic,  or  neutral?  .....?®slC. .  Give  a  reason  for  your  answer. 

Compounds  are  bases  or  basic  salts.  Hydrolyze  to  form  strong  base  and  weak 

acid,  thus  giving  basic  reaction. 


3.  (a)  If  two  or  more  substances  have  identical  chemical  reactions,  are  they  the  same  sub- 

Yes 

stance?  (b)  Can  chemical  compounds  be  identified  by  their  reactions?  . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed :  Trisodium  phosphate.  Sodium  carbonate  (sal  soda).  Sodium  tetraborate 
(borax).  Five  or  more  different  brands  of  water  softeners  and  washing  powders.  Ammonium- 
molybdate  solution.  Dilute  nitric  acid.  Dilute  hydrochloric  acid.  Limewater.  Sodium  hydrox¬ 
ide  solution.  Blue  litmus  paper.  Turmeric  paper. 

apparatus  needed:  Test  tubes.  One-hole  stoppers.  Glass  tubing.  Beaker.  Graduate.  Bunsen 
burner. 


In  this  experiment  you  will  use  chemical 
reactions  to  test  the  composition  of  common 
softeners.  First,  you  will  determine  how  a 
known  compound  reacts  and  then  test  the 
commercial  softeners  to  find  out  what  com¬ 
pounds  they  contain. 

a.  Test  for  phosphates.  Dissolve  a  pinch  of 
trisodium  phosphate  in  a  test  tube  of  water. 
Add  dilute  nitric  acid  until  the  solution  will 
turn  blue  litmus  paper  red.  Add  about  3  ml  of 
ammonium-molybdate  solution  and  warm 
gently.  The  formation  of  a  yellow  precipitate 
proves  the  presence  of  a  phosphate. 

Now  test  each  of  your  brands  of  water  soft¬ 
eners  and  powders  in  this  way  to  determine 
whether  or  not  they  contain  phosphates.  Re¬ 
cord  your  results  in  the  table. 

b.  Test  for  carbonates.  Equip  a  test  tube  with 
a  one-hole  stopper  and  a  delivery  tube.  Place 
a  pinch  of  dry  sodium  carbonate  in  the  test 
tube  and  have  about  5  ml  of  limewater  in  a  re¬ 
ceiving  tube  as  shown  in  the  diagram.  Add 
dilute  hydrochloric  acid  to  the  sodium  car¬ 
bonate,  permitting  the  gas  formed  to  bubble 
into  the  limewater.  The  formation  of  a  white 
precipitate,  which  is  calcium  carbonate, 
proves  the  presence  of  a  carbonate. 

Now  test  each  of  your  brands  of  water  soft¬ 
eners  and  powders  to  see  if  they  contain  car¬ 
bonates.  Record  your  results  in  the  table. 


RUBBER 

TUBING 


STOPPER 


LIMEWATER 
SOLUTION  TO  BE  TESTED 


c.  Test  for  borates.  Dissolve  a  little  bit  of  so¬ 
dium  tetraborate  in  about  5  ml  of  water  in  a 
test  tube.  Place  a  piece  of  blue  litmus  paper 
in  the  solution  and  add  hydrochloric  acid  a 
drop  at  a  time  until  the  litmus  turns  red. 
Moisten  a  piece  of  turmeric  paper  with  this 
solution  and  dry  the  paper  on  the  side  of  a 
hot  beaker  partly  filled  with  water. 

A  faint  tinge  of  pink  indicates  the  presence 
of  a  borate.  Place  a  drop  of  sodium  hydroxide 
on  the  turmeric  paper.  The  formation  of  a 
greenish  color  proves  the  presence  of  a  borate. 

Now  test  each  of  your  water  softeners  and 
powders  in  the  same  way  to  see  whether  or  not 
they  contain  borates.  Record  your  results  in 
the  table. 

When  you  have  completed  your  tests,  look 
over  your  results  recorded  in  the  table. 


BRAND  OF  WATER  SOFTENER 

IS  PHOSPHATE  PRESENT? 

IS  CARBONATE  PRESENT? 

IS  BORATE  PRESENT? 
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CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  Do  water  softeners  usually  contain  one  compound,  or  are  they  a  mixture  of  two  or  more 

compounds?  . 9^. .  Give  examples  to  illustrate  your  answer. 

tested  contained  only  one  compound. 


2.  What  color  change  takes  place  when  ammonium  molybdate  reacts  with  phosphates? 

Yellow  precipitate  fanned. 


_  ,  j.  .j  9  Bubble  gas  through  clear  lime 

3.  How  can  you  prove  that  a  gas  is  carbon  dioxide:  . 9 . . 

water.  If  white  precipitate  is  formed,  gas  is  carbon  dioxide. 


4.  Write  the  equation  for  the  reaction  of  hydrochloric  acid  with  sodium  carbonate. 

2  HC1  +  IfegCOj-*  2NaCl  +  B^O  +  C0£ 

.  .  ,  „  Dissolve  substance  in  water.  Make  solution 

5.  How  can  you  test  for  borates  r  . 

acid  with  hydrochloric  acid.  Moisten  turmeric  paper  with  solution  and  then 
dry.  Faint  pink  indicates  borate.  Put  drop  of  sodium  hydroxide  on  paper. 
Greenish  color  confirms  presence  of  borate . 
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CONSUMER  APPLICATIONS 

1.  Tell  how  you  would  find  out  what  a  commercial  water  softener  contained. 

for  carbonates,  phosphates,  and  borates. 


Test  it 


2.  (a)  Bicarbonates  of  calcium  and  magnesium  cause  “temporary”  hardness  in  water.  Sul¬ 
fates  of  calcium  and  magnesium  cause  “permanent”  hardness.  Suppose  you  boil  some  hard 
water  in  a  kettle.  A  scale  forms.  The  water  becomes  soft.  Is  the  hardness  of  the  water  tempo- 

Temporary  t,  n  i  ,  Bi carbonates  are  changed 

rary  or  permanent?  . . . . .  fell  how  you  know . 77r. . 

to  carbonates  by  heating  and  then  precipitated. 


b)  If  you  mix  together  some  vinegar  and  common  salt  and  pour  some  of  the  solution  on  the 

Hydrochloric  acid  formed 

scale  in  the  kettle,  carbon-dioxide  gas  will  be  given  off.  Why?  . 

from  vinegar  and  salt.  Reacts  with  carbonate,  forming  water  and  carbon  di¬ 
oxide  . 


c)  What  kind  of  compound  is  the  scale  on  the  kettle?  . 

3.  How  could  you  tell  whether  or  not  a  brand  of  bath  salts  contained  a  water  softener? 

Test  sample  of  hard  water  to  see  if  salts  soften  it.  Also  test  for  carbonates, 

ph os phates,  and  borates. 
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Experiment  12 

How  well  does  a  water  softener  work? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  well  do  the  different  kinds  of  water 
softeners  work?  What  are  some  important 
things  to  consider  in  selecting  a  water  soft¬ 
ener? 

A  great  deal  of  money  is  spent  each  year  in 
buying  water  softeners.  Yet  most  of  us  have 
no  idea  what  we  are  buying  or  why  we  are 
buying  the  particular  softener  we  use  in  our 
homes. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  259-260 

1.  Should  a  water  softener  be  soluble?  . 


Chemistry  and  You.  p.  615 
Chemistry  at  Work.  p.  565-568 
Chemistry  for  Secondary  Schools,  pp.  223, 
373,  402 

Dynamic  Chemistry,  pp.  414-416 
First  Book  in  Chemistry,  p.  383 
First  Principles  of  Chemistry,  p.  300 
First  Year  of  Chemistry,  pp.  426-427 
Modern  Chemistry,  p.  516 
Modern  Everyday  Chemistry,  p.  373 
Modern-Life  Chemistry,  pp.  386,  460,  482-487 
New  Practical  Chemistry,  pp.  398-399 
New  World  of  Chemistry,  p.  594 

Why?  no^  react  with  compounds 


in  hard  water  unless  dissolved. 


Yes 

2.  Should  softeners  form  insoluble  substances  when  they  soften  water?  .  Explain. 

When  insoluble  substances  are  formed,  they  are  precipitated  and  removed  from 

solution.  Will  not  interfere  with  sudsing  of  soap. 


3.  Give  some  reasons  why  the  effect  of  a  softener  on  the  hands  and  clothing  should  be  con¬ 
sidered  soft011®1,8  form  basic  solutions.  If  too  strong  a  basic  solution 

is  formed,  skin  and  clothes  will  be  harmed.  Only  a8  much  softener  as  needed 
to  soften  water  should  be  used. 


J'vv'  ^VVV^VVVVVWVAAVVVVVl^VW 
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4. 


(a)  Will  pure  soap  soften  hard  water? 


Yes 


(b)  If  it  will,  why  are  water  softeners 


used  with  soap? 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Hard  water  (15  grams  of  magnesium  sulfate  in  5  gallons  of  water).  Soap 
solution.  Three  different  brands  of  water  softeners.  Two  different  brands  of  soap  powder  or 
built  soap.  (Be  sure  to  get  the  price  and  weight  of  each  brand.) 

apparatus  needed:  Wide-mouth  bottles  and  stoppers.  Graduate.  Burette.  Burette  clamp. 
Ringstand.  Triple-beam  balance. 


In  this  experiment  you  are  going  to  compare 
the  softening  ability  of  different  brands  of 
water  softeners.  Be  sure  that  your  burette 
and  wide-mouth  bottle  are  clean.  Fill  the  bur¬ 
ette  with  soap  solution  and  measure  out  25  ml 
of  hard  water  into  a  wide-mouth  bottle.  Care¬ 
fully  weigh  out  a  Va  gram  sample  of  a  softener 
and  dissolve  it  in  the  25  ml  of  hard  water.  Add 
.2  ml  of  soap  solution  from  the  burette  to  the 
water  sample,  stopper,  and  shake.  Continue 
adding  soap  solution  at  this  rate,  shaking  after 
each  addition  until  a  permanent  suds  about 
Vi  inch  high  is  formed.  Record  the  volume 
of  soap  necessary  to  form  suds. 

Repeat  the  process  with  the  same  softener 
and  compare  the  two  results.  (All  titration 
work  should  be  done  in  duplicate  to  check 
your  own  work.  If  the  two  results  are  reason¬ 
ably  similar,  average  them.  If  they  are  not 
similar,  continue  titrating  the  same  sample  of 
water  softener  until  your  results  check. ) 

Using  other  water  softeners,  or  soap  pow¬ 
ders  and  built  soap,  repeat  the  procedure.  Re¬ 
cord  your  results  in  the  table. 


You  used  the  same  kind  of  hard  water  for 
each  sample  and  then  determined  the  amount 
of  soap  solution  necessary  to  form  a  suds.  Of 
course  the  sample  requiring  the  least  amount 
of  soap  is  the  most  efficient,  but  the  cost  per 
pound  must  also  be  considered.  Calculate  the 
cost  per  pound  of  each  softener  by  dividing  the 
cost  by  the  weight  in  pounds.  ( Since  the  weight 
of  most  softeners  is  given  in  ounces,  be  sure  to 
change  ounces  to  pounds  before  dividing.) 

You  are  now  ready  to  compare  the  softeners. 
To  do  this,  multiply  the  average  number  of  ml 
of  soap  solution  used  by  the  cost  per  pound. 
This  will  give  you  a  comparison  factor. 

For  example,  if  two  softeners  require  the 
same  number  of  ml  of  soap  for  sudsing,  say 
10  ml,  but  one  costs  10c  per  pound  and  the 
other  one  20c  per  pound,  the  factor  for  the 
first  one  will  be  10  X  10  =  100,  and  for  the 
second  10  X  20  =  200.  From  the  consumer’s 
point  of  view,  the  softener  with  the  lowest  fac¬ 
tor  will  be  the  ‘‘best  buy.”  After  you  have  de¬ 
termined  the  factor  for  each  softener,  you  can 
easily  rate  them  as  1,  2,  3,  and  so  on. 


BRAND  OF  WATER  SOFTENER, 
SOAP  POWDER,  OR 

BUILT  SOAP 

ML  OF  SOAP  SOLUTION 

COST 

PER 

POUND 

COMPARISON 

FACTOR 

RATING 

FIRST  TRIAL 

SECOND  TRIAL 

AVERAGE 

- 
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NAME _ DATE _ PERIOD _ RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  If  you  used  more  soap  solution  from  your  burette  than  you  needed  to  produce  a  V2  inch 

yorse 

of  suds,  would  your  water  softener  rate  better  or  worse  than  it  actually  is?  . 

Explain  ®ie  0ma^^er  t*16  amoun'&  of  soap  used,  the  better  the  softener.  There¬ 
fore  if  an  excess  was  used,  the  rating  of  the  softener  would  be  lowered. 


2.  Why  did  you  add  soap  solution  .2  ml  at  a  time  instead  of  2  or  3  ml  at  a  time? 

able  to  determine  the  neutralization  point  more  accurately. 


To  be 


3.  Does  a  high  retail  price  always  mean  a  more  efficient  softener?  Why? 

softener  not  related  to  efficiency. 


4.  Would  the  same  water  softener  and  soap  serve  every  community  equally  well?  . 

Sams  classes  of  hardness  in  all  communities  though  degree  of 

Give  your  reasons .  ^  . . . 

hardness  may  differ.  Amount  of  softener  needed  w i  11  vary . 

(Brand  containing  trisodium  phosphate ) 

5.  Which  of  the  water  softeners  that  you  tested  would  you  prefer  to  use?  . 

Most  efficient.  Should  be  cheapest. . 


CONSUMER  APPLICATIONS 

1  Would  it  be  better  to  buy  soap  and  water  softeners  separately  and  mix  them  as  you  use 

_  .  ,  0  Buy  soap  and  water  softeners. 

them  or  to  buy  washing  powder . 

piffft-rftnt  degrees  of  hardness  require  different  amounts  of  softeners. 

Explain . — . 

When  washing  powder  is  bought,  same  price  is '  far ^softener . 
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2.  A  certain  hard  water  contains  the  equivalent  of  1  ounce  of  magnesium  sulfate  for  every 
100  gallons  of  water.  Using  the  figures  from  your  table,  calculate  the  cost  of  softening  1000 
gallons  of  water  with  (a)  your  most  efficient  softener  and  (b)  your  least  efficient  softener. 
Show  your  calculations.  (Answers  depend  on  figures  in  table.) 

a)  Cost  with  most  efficient  softener .  Calculations . 


b)  Cost  with  least  efficient  softener. 


Calculations. 


3.  Would  you  recommend  using  a  water  softener  if  “soapless  soap”  (sodium  lauryl  sulfate) 

is  used  for  washing?  ,No .  Explain.  Hard  water  does  not  affect  sudsing  of  soap- 

less  soap. 

4.  Suppose  you  can  buy  the  same  water  softener  under  a  trade  name  or  in  bulk  under  the 

chemical  name.  How  can  you  decide  which  is  the  “best  buy” 

of  each.  "Best  buy"  will  have  lower  cost  per  ounce. 
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Experiment  13 

Where  should  scouring  powders  be  used? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Do  you  reach  for  scouring  powder  every 
time  you  want  to  remove  grease  and  dirt  from 
a  pan,  the  sink,  bathroom  fixtures,  windows, 
or  walls?  Are  all  these  materials  so  similar 
that  they  can  stand  the  same  treatment? 

Most  bathtubs,  washbowls,  and  toilet  bowls 
are  made  of  vitreous  porcelain.  Usually  acids 
will  not  affect  them.  On  the  other  hand,  vit¬ 
reous  enameled  iron,  commonly  used  in 
kitchen  sinks,  is  not  acid  but  alkaline.  It  is 
usually  not  affected  by  alkaline  cleansers,  but 
acids  will  cause  injury.  Strong  abrasives  will 
quickly  scratch  enameled  iron.  Once  rough¬ 
ened,  it  stains  very  easily  and  is  hard  to  clean 
unless  you  scour  away  more  of  the  surface. 

You  can  distinguish  between  enameled  iron 
and  porcelain  by  gently  tapping  them  with  a 
spoon.  Enameled  iron  gives  a  metallic  ring. 
Porcelain  gives  a  click  but  no  ring. 


Should  these  surfaces,  even  though  they 
look  alike,  be  cleaned  with  the  same  cleanser? 

Before  doing  the  experiment,  complete  the 
following  sentences.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  582-583 
Chemistry  and  You.  pp.  634-639 
Chemistry  at  Work.  pp.  375,  484,  520 
Chemistry  for  Secondary  Schools,  pp.  368- 
371,  378-379,  413,  472-473 
Chemistry  in  Use.  p.  536 
Dynamic  Chemistry,  p.  314 
First  Book  in  Chemistry,  pp.  136,  440-441 
Modern  Chemistry,  p.  703 
Modern  Everyday  Chemistry,  p.  364-368 
Modern-Life  Chemistry,  pp.  452,  468,  495-500, 
520,  533,  537-538 

New  Practical  Chemistry,  p.  418 
New  World  of  Chemistry,  pp.  547-550 


0Y> 

1.  Scouring  powder  should  be  used  on  surfaces  ( harder  or  softer )  . . .  than 


.  .  .  the  powder  will  not  scratch  the  surface. 

the  powder  because  - 5. . . - . - . 


acid 


2.  An  ( acid  or  alkaline )  . . .  cleanser  should  be  used  on  toilet  bowls  because 

,  ,  vitreous  porcelain. 

they  are  made  ot  . f. . 


3.  Kitchen  sinks  are  usually  made  of 


vitreous  enameled  iron. 


They  should  be  cleaned  with  an  ( acid  or  alkaline )  .  cleanser. 

4.  Painted  walls  ( should  or  should  not )  .  be  cleaned  with  scouring 

,  .  the  abrasive  will  dull  and  wear  away  painted  surface, 

powder  because . 
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5.  Drains  are  usually  clogged  by  grease.  You  should  use  an  (acid,  such  as  hydrochloric  acid, 

alkali  It 

or  alkali,  such  as  potassium  hydroxide)  . to  remove  the  grease  because . 

will  change  fatty  acid  in  grease  to  soluble  soap. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Trisodium  phosphate.  Soap  flakes.  F our  different  brands  of  scouring  pow¬ 
der.  Strips  of  bright  aluminum,  copper,  and  steel  (or  iron  nails).  Clear  glass  plates. 
apparatus  needed  :  Balance.  Graduate.  Six  flasks  or  beakers.  Eighteen  test  tubes.  Filter  paper. 
Funnel.  (Read  Using  a  Funnel  and  Filter  Paper  on  p.  86.) 


In  this  experiment  you  will  test  the  effect  of 
different  scouring  powders  on  metals  and 
glass.  You  will  use  glass  because  vitreous  en¬ 
ameled  iron  and  porcelain  have  a  glassy  sur¬ 
face.  (Vitreous  means  “like  glass.”)  Scour¬ 
ing  powders  usually  consist  of  a  water  soft¬ 
ener  and  an  abrasive.  The  softener  dissolves 
in  water,  but  the  abrasive  does  not.  You  will 
separate  each  powder  into  its  soluble  and  in¬ 
soluble  parts.  F or  the  sake  of  comparison  you 
will  also  test  a  water  softener,  such  as  tri¬ 
sodium  phosphate,  and  soap  flakes  in  the  same 
manner  as  you  do  your  scouring  powders. 

Weigh  out  approximately  3-gram  samples  of 
each  of  the  scouring  powders,  soap  flakes,  and 
trisodium  phosphate,  and  place  each  sample 
in  30  ml  of  water  in  a  flask  or  beaker.  Shake 
or  stir  for  a  few  minutes,  allowing  any  insol¬ 
uble  part  to  settle.  Then  filter  each  mixture, 
being  sure  that  you  label  each  precipitate  and 
filtrate.  (The  filtrate  is  the  liquid  part  and  the 
precipitate  is  the  solid  part.)  Save  both  the 
filtrate  and  precipitate  of  each  sample. 


a.  Test  of  filtrates.  Divide  the  filtrate  of  each 
of  your  samples  into  three  parts  and  place  in 
separate  test  tubes.  Put  a  strip  of  aluminum, 
a  strip  of  copper,  and  a  strip  of  steel  into  the 
different  test  tubes  and  label  the  tubes.  Allow 
the  metals  to  remain  for  twenty-four  hours  or 
bring  the  solutions  to  boiling  and  allow  them 
to  stand  for  fifteen  minutes.  Take  out  the 
strips  and  examine  the  effect  of  the  filtrate  on 
them.  Record  your  results  in  the  table. 

b.  Test  of  precipitates.  Remove  the  undis¬ 
solved  material  from  each  of  the  filter  papers. 
This  is  the  abrasive.  It  consists  of  silica,  pum¬ 
ice,  or  feldspar,  although  sometimes  it  is  called 
by  trade  names  not  found  in  dictionaries  or 
encyclopedias.  Place  a  pinch  of  one  of  these 
abrasives  between  the  corners  of  two  plates  of 
clear  glass.  Rub  the  two  plates  together  to 
test  whether  or  not  the  abrasive  will  scratch. 
Do  the  same  for  each  of  the  other  scouring 
powders.  If  the  corners  of  the  glass  plates  are 
scratched,  use  a  new  section  of  the  glass  plate. 
Record  your  results  in  the  table. 


BRAND  OF 

SCOURING  POWDER 

EFFECT  ON  ALUMINUM 

EFFECT  ON  STEEL 

EFFECT  ON  COPPER 

EFFECT  ON  GLASS 

Trisodium 

phosphate 

Reacts 

None 

Non© 

Non© 

Soap  flakes 

Non© 

Non© 

None 

Non© 
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CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  (a)  What  two  types  of  materials  are  present  in  scouring  powders?  (I)  ..^rsflive. 


2)  .  (b)  What  is  the  purpose  of  each? 


1) 

2) 


Remove  grease  and  dirt  by  adsorbing  or  wearing  away  surface. 

Soften  water  and  remove  grease . 

All 


2.  Account  for  the  effect  of  scouring  powders  on  the  metals  you  used  in  the  test. 

water  softeners  are  basic  salts.  Aluminum  reacts  will  bases  and  very  strong 


acids.  Copper  and  steel  not  affected. 


3.  What  effect  would  you  expect  lye  (sodium  hydroxide)  to  have  on  the  metals  you  used  in 
the  tests?  react  with  aluminum. 


4.  If  any  of  your  powders  scratched  glass,  state  what  types  of  surfaces  should  not  be  scoured 

.  .  .  Painted,  enameled  iron,  porcelain,  pottery,  china,  silverware,  glass, 

with  it . . . 


CONSUMER  APPLICATIONS 

No 

1.  Is  there  a  noticeable  difference  in  various  brands  of  scouring  powders? .  Explain. 

Most  contain  very  hard  abrasive.  All  contain  basic  salt  (water  softener). 

Seme  contain  soap  powder.  . 
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2.  What  kind  of  surfaces  should  be  cleaned  with  scouring  powders? 

ware  and  floor  tiles  unless  abrasive  is  very  soft. 


None  except  iron 


Explain. 

clean. 


Most  scouring  powders  will  scratch  surface  and  make  it  harder  to  keep 


3.  Tell  what  kind  of  cleanser  should  be  used  to  remove  the  ring  from  a  porcelain  bathtub. 

Cleansers  containing  acid  substance. 

/-.•  r  Cleansers  containing  alkalis  will  attack  porcelain. 

Give  reasons  for  your  answer.  .  . . .  . _ _  .  "rrr  . . .  ...  .  .  ... 7.r..T7. 


4.  How  should  aluminum  pans  and  kettles  be  cleaned? 

(If  scouring  is  necessary,  use  steel  wool  or  spun  copper.) 


5.  Some  housewives  use  scouring  pads  made  of  steel  wool  or  spun  copper  instead  of  scour¬ 
ing  powder.  How  could  you  determine  the  effectiveness  and  usefulness  of  these  pads?  .... 

swers  may  vary.  Both  are  abrasives.  Steel  wool  will  rust  and  sometimes  per¬ 
mit  metal  splinters  to  get  into  hands.  Neither  should  be  used  on  soft  sur¬ 
faces  . ) 
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:UNIT 


Foods 


If  you  could  be  an  unseen  dinner  guest  at  a  few  American  homes,  you  might  hear  such 
statements  as:  “Boy!  This  tastes  good.”  “I  don’t  want  any  of  that.”  “I  like  it,  but  it 
doesn’t  like  me.”  “If  I  eat  any  more,  I’ll  lose  my  shape.”  “What’s  the  dessert?”  “Please  give 
me  another  piece  of  pie.” 

The  problem  of  diet  confronts  us  all.  What  should  we  eat?  How  much  should  we  eat? 
What  foods  will  improve  our  general  health?  Common  sense  tells  us  that  wholesome  and 
good-tasting  foods  are  essential,  but  we  cannot  always  follow  our  individual  whims  if  we 
want  to  live  long  and  be  healthy.  For  example,  fruits  and  milk  products  are  important.  But 
what  will  eventually  happen  to  the  boy  who  fills  up  on  apple  pie  and  forgets  the  rest  of  the 
meal  unless  his  mother  interferes,  or  to  that  round  little  girl  who  would  eat  whipped  cream 
with  a  gravy  ladle  if  merely  given  a  chance? 

Foods  contain  different  groups  of  compounds  in  varying  amounts.  These  are  classified  as 
fats,  carbohydrates,  proteins,  minerals,  vitamins,  and  water.  A  food  may  contain  one  or 
all  of  these  groups.  The  heat  value  in  foods  is  usually  expressed  in  Calories.  One  Calorie 
is  the  amount  of  heat  required  to  raise  the  temperature  of  one  thousand  grams  of  water  one 
degree  Centigrade,  or  about  one  pound  of  water  four  degrees  Fahrenheit.  The  number  of 
Calories  that  an  individual  person  needs  depends  on  several  different  things,  such  as  weight, 
age,  type  of  work  done,  and  general  body  condition. 

It  is  not  the  purpose  of  this  unit  to  prescribe  a  diet  for  you.  If  you  need  advice  on  what 
or  how  much  to  eat,  see  your  family  doctor.  Dieting  to  reduce  weight  without  the  advice  of 
a  doctor  should  never  be  done.  The  use  of  special  reducing  preparations  is  very  harmful, 
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in  some  cases  even  causing  premature  death.  No  reputable  doctor  would  ever  recommend 
using  such  preparations. 

In  this  unit  you  are  going  to  classify  some  of  the  common  foods  and  also  learn  about 
some  of  the  common  adulterants  that  may  appear  in  foods  and  how  they  may  be  detected. 

USING  A  SEPARATORY  FUNNEL 


The  separatory  funnel  shown  in  Figure  1  is 
used  to  separate  liquids  that  do  not  mix.  A 
regulation  separatory  funnel  is  equipped  with 
a  ground-glass  stopcock  and  a  ground-glass 
stopper.  A  separatory  funnel  is  expensive  be¬ 
cause  the  glass  must  be  hand-ground  to  fit  so 
there  will  be  no  leaks. 


In  using  a  separatory  funnel  close  the  stop¬ 
cock.  then  pour  the  liquids  into  the  funnel,  and 


put  in  the  stopper.  Shake  the  solutions  gently 
and  turn  the  funnel  upside  down,  opening  the 
stopcock  so  any  gas  formed  may  escape.  Keep 
shaking  and  releasing  the  gas  until  your  two 
liquids  are  thoroughly  mixed.  Then  stop  shak¬ 
ing  and  let  the  liquids  separate  into  layers. 
Remove  the  glass  stopper  to  permit  air  to  enter 
and  draw  off  the  lower  layer  by  opening  the 
stopcock. 

If  no  separatory  funnel  is  available,  you  can 
easily  make  a  serviceable  one  as  shown  in 
Figure  2.  Attach  a  piece  of  rubber  tubing 
equipped  with  a  piece  of  glass  tubing  drawn 
to  a  fine  point  to  the  end  of  a  regular  funnel. 
Put  a  pinch  clamp  or  screw  clamp  on  the  rub¬ 
ber  tubing. 

You  will  have  to  shake  your  solutions  in  a 
wide-mouth  bottle  and  then  pour  them  into 
the  regular  funnel.  Allow  them  to  separate 
in  the  funnel. 

When  two  distinct  layers  have  been  formed, 
open  the  pinch  clamp  or  screw  clamp,  and  al¬ 
low  the  solution  to  flow  out  through  the  rub¬ 
ber  tubing  until  you  see  the  separation  layer 
appearing  in  the  glass  tubing.  Then  close  the 
pinch  clamp  or  screw  clamp. 
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SUGGESTIONS  FOR  TEACHING  UNIT  4 


This  unit  does  not  stress  the  chemistry  of  diges¬ 
tion  but  emphasizes  foods  from  the  consumer 
point  of  view.  Besides  showing  the  student  how 
foods  are  classified  and  recognized,  it  calls  atten¬ 
tion  to  safeguards  that  a  consumer  should  use  in 
selecting  foods.  It  brings  out  the  chemistry  of  sul¬ 
fites  in  food  bleaching  and  food  preserving  and 
also  points  out  some  of  the  other  chemicals  that 
the  human  stomach  can  well  do  without. 

OBJECTIVES  OF  THE  UNIT 

1.  To  learn  the  different  groups  of  compounds 
found  in  foods  (Exp.  14) . 

2.  To  study  the  purpose  each  compound  serves 
in  the  body  (Exp.  14). 

3.  To  determine  what  standards,  if  any,  control 
the  sale  of  foods  (Exp.  15,  16,  17,  18,  19) . 

4.  To  learn  that  substitutes  are  sold  to  replace 
some  natural  foods  (Exp.  16,  19) . 

5.  To  find  out  how  foods  are  preserved,  adul¬ 
terated,  and  bleached  (Exp.  17,  18,  19) . 

6.  To  determine  the  effect  of  preservatives, 
adulterants,  and  bleaches  on  the  body  (Exp.  17, 
18,  19). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  How  to  identify  monosaccharides  (glucose) , 
disaccharides  (sucrose) ,  polysaccharides  (starch) , 
fats,  and  proteins  (Exp.  14) . 

2.  How  to  analyze  butter  for  butterfat,  water, 
salt,  and  milk  curd  (Exp.  15) . 

3.  The  precipitation  of  a  colloid  (Exp.  15) . 

4.  The  hydrogenation  of  vegetable  oils  (Exp. 
16). 

5.  Testing  foods  for  the  common  preservatives: 
sodium  sulfite,  borax,  boric  acid,  salicylic  acid, 
benzoic  acid,  and  sodium  benzoate  (Exp.  17) . 

6.  Testing  foods  to  tell  if  they  have  been 
bleached  with  sulfur  dioxide  (Exp.  18) . 

7.  Testing  foods  for  adulteration:  ice  cream, 
vanilla  extract,  lemon  extract,  butter  (Exp.  19) . 

HINTS  TO  THE  TEACHER 

Experiment  14.  The  foods  to  be  tested  should 
be  bought  from  your  local  stores.  Have  every¬ 
thing  ready  before  the  students  start  the  experi¬ 
ment.  The  following  solutions  are  needed  for  this 
experiment: 

5%  glucose  solution  (5  grams  of  glucose  to 
every  95  grams  of  water) 

5%  sucrose  solution  (5  grams  of  sucrose  to 
every  95  grams  of  water) 

10%  sodium  hydroxide  solution  (10  grams  of 
sodium  hydroxide  to  every  90  grams  of 
water) 


10%  copper  sulfate  solution  (10  grams  of  cop¬ 
per  sulfate  to  every  90  grams  of  water) 

Fehling’s  solutions  A  and  B  may  be  prepared  in 

the  laboratory  or  purchased  already  prepared. 

The  students  should  show  you  their  tests  for 
glucose,  sucrose,  fats,  oils,  and  proteins  for  your 
approval.  You  will  then  be  sure  that  they  under¬ 
stand  each  test. 

Experiment  15.  The  butter  to  be  tested  should 
be  bought  from  your  local  stores.  Have  every¬ 
thing  ready  before  the  students  start  the  experi¬ 
ment.  Good  results  in  this  experiment  depend  on 
accurate  weighing.  Stress  the  importance  of 
weighing  for  good  results  in  this  test. 

The  students  should  be  cautioned  about  the  use 
of  naphtha.  Keep  all  flames  away  from  naphtha! 
If  someone  does  get  careless  and  lets  the  naphtha 
catch  fire,  cover  the  beaker  with  a  cloth  or  wire 
gauze. 

Experiment  16.  Successful  hydrogenation  de¬ 
pends  on  the  catalyst.  A  commercial  catalyst 
should  be  used.  This  may  be  obtained  from  Ru- 
fert  Chemical  Division,  Seymour  Mfg.  Co.,  Sey¬ 
mour,  Conn. 

Inspect  each  student’s  apparatus  before  the 
burner  is  lit.  The  bottle  of  water  prevents  the 
vaporized  oil  from  solidifying  in  the  orifice  of  the 
Bunsen  burner.  If  this  should  happen,  the  gas 
will  stop  flowing  and  the  burner  will  go  out.  The 
solidified  oil  can  be  removed  by  heating  this  part 
of  the  burner  until  the  gas  begins  to  flow  again. 

After  the  apparatus  has  been  inspected,  the  gas 
should  be  allowed  to  flow  for  a  minute  before 
lighting  the  burner.  This  will  eliminate  any  dan¬ 
ger  of  an  explosion.  The  oil  should  be  heated 
until  it  starts  to  vaporize.  Keep  it  as  near  the 
vaporization  temperature  as  possible. 

Experiment  17.  The  hamburger,  crackers,  ice 
cream  cones,  jam,  jelly,  and  catsup  should  be 
bought  at  your  local  grocery.  The  new  solutions 
to  be  prepared  are: 

Saturated  lead  nitrate  solution 

10%  sodium  hydroxide  solution  (10  grams  of 
sodium  hydroxide  in  every  90  grams  of 
water) 

10%  ferric  chloride  solution  (10  grams  of  ferric 
chloride  for  every  90  grams  of  water) 

Have  the  students  show  you  their  tests  for 
sodium  sulfite,  borax,  boric  acid,  salicylic  acid, 
benzoic  acid,  and  sodium  benzoate  before  they 
begin  to  test  food  for  preservatives. 

Experiment  18.  A  sample  of  bulk  dried  fruit 
should  be  included  in  the  four  varieties  you  buy. 
Cut  it  up  into  small  pieces  for  testing. 
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Experiment  19.  The  ice  cream  can  be  kept 
frozen  by  packing  the  container  in  dry  ice  until 
used.  The  extracts  tested  should  include  a  sam¬ 
ple  labeled  imitation  extract. 

Have  the  students  bring  their  tests  to  you  for 
your  approval. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

From  local  stores 
1  oz.  nutmeats 
1  oz.  flour 
1  oz.  potatoes 
1  package  breakfast  cereal 
3  oz.  butter 

3  eggs 

1  oz.  hamburger  or  ground  meat 

1  oz.  crackers  (2  brands) 

2  ice-cream  cones  (2  brands) 

1  bottle  catsup 

1  small  jar  jam 
1  small  jar  jelly 
1  oz.  dried  fruit  (4  kinds) 

8  oz.  ice  cream 
1  oz.  lemon  extract 
1  oz.  vanilla  extract 

1  oz.  oleomargarine  or  renovated  butter 
Chemicals 

5  gm  glucose 
5  gm  sucrose 

20  gm  sodium  hydroxide  pellets 
5  gm  starch 

10  ml  olive  oil  or  cottonseed  oil 
10  gm  albumen  (egg  white) 

10  gm  copper  sulfate  crystals 
375  ml  naphtha 

100  ml  vegetable  oil  (either  cottonseed,  peanut, 
corn,  or  soybean) 

.5  gm  nickel  catalyst 
30  gm  activated  charcoal  or  boneblack 
2.5  gm  sodium  sulfite 
30  gm  powdered  zinc  (sulfur-free) 

25  ml  hydrochloric  acid,  dilute 
5  gm  lead  nitrate 
5  gm  borax  or  boric  acid 
turmeric  paper 
5  gm  salicylic  acid 
200  ml  chloroform 
10  gm  ferric  chloride 
5  gm  benzoic  acid 
5  gm  lead  acetate 

4  oz.  each,  Fehling’s  A  and  B  solutions 
150  ml  hydrochloric  acid,  concentrated 

10  ml  tincture  of  iodine 
10  ml  nitric  acid,  dilute 
15  ml  ammonium  hydroxide,  concentrated 
10  ml  sulfuric  acid,  dilute 


APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

5  10-ml  or  25-ml  graduates 

10  test  tubes 
5  test-tube  holders 
5  corks 
1  balance 
5  Bunsen  burners 
5  150-ml  beakers 
5  400-ml  beakers  (or  pans) 

5  wire  gauzes 
5  rings  and  ringstands 
5  evaporating  dishes 
5  glass  stirring  rods 
filter  paper 

5  250-ml  Erlenmeyer  flasks 

10  two-hole  stoppers 
5  wide-mouth  bottles  (4  oz.) 

5  clamps 
rubber  tubing 
glass  tubing 
5  crucibles 

5  triangles  (clay  or  pipestem) 

5  funnels,  pinch  clamps,  and  glass  tips  (or 
separatory  funnels)  See  p.  60. 

15  watch-glasses 

SUGGESTED  PROJECTS 

1.  Preparation  of  sugar  from  sugar-cane  or 
sugar-beets. 

2.  Extracting  starch  from  potatoes  or  corn. 

3.  Detection  of  paraffin  in  different  kinds  of 
chocolate  candy. 

4.  Preparation  of  margarine  from  hydrogen¬ 
ated  oil. 

5.  Detection  of  adulterants  in  foods  other  than 
those  found  in  the  book. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  What  kinds  of  chemical  compounds  do  you 
get  when  you  eat  food? 

2.  Do  all  foods  serve  the  same  purpose  in  the 
body? 

3.  Which  will  digest  more  easily,  candy  made 
from  glucose  or  sucrose? 

4.  What  things  should  be  considered  in  select¬ 
ing  and  buying  butter? 

5.  Is  oleomargarine  as  good  a  food  as  butter? 

6.  What  classes  of  food  may  contain  harmful 
preservatives? 

7.  Why  and  how  are  foods  bleached? 

8.  What  kinds  of  food  may  be  bleached? 

9.  What  effect  would  an  excessive  amount  of 
sulfur  dioxide  have  on  the  human  body? 

10.  What  classes  of  foods  may  be  adulterated? 

11.  How  can  you  tell  if  an  adulterant  has  been 
added? 
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Experiment  14 

What  substances  are  found  in  foods? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  kinds  of  chemical  compounds  do  you 
get  when  you  eat  foods?  Do  all  foods  serve 
the  same  purpose  in  the  body? 

Foods  are  usually  divided  into  five  large 
classes,  carbohydrates,  fats,  proteins,  min¬ 
erals,  and  vitamins.  Water,  too,  is  usually 
considered  a  food  although  like  minerals  and 
vitamins  it  does  not  undergo  digestion  as  car¬ 
bohydrates,  fats,  and  proteins  do.  Your  body 
could  not  exist  without  water.  Not  only  does 
it  help  dissolve  and  carry  food  to  all  parts  of 
the  body,  but  it  makes  up  about  seventy  per 
cent  of  your  blood  and  tissues.  Many  chemical 
changes  in  your  body  will  not  take  place  with¬ 
out  water. 

Minerals  are  taken  directly  into  the  blood 
and  used  to  manufacture  chemicals  that  the 
body  needs  and  to  provide  elements  for  new 
cells.  Vitamins  act  as  traffic  officers  and  body¬ 
guards  to  keep  you  healthy  and  free  from  dis¬ 
ease.  Only  tiny  amounts  of  them  are  needed. 
But  if  they  are  lacking,  serious  diseases  or 
even  death  may  occur. 

As  food,  carbohydrates  can  be  divided  into 
three  groups,  sugar,  starch,  and  cellulose. 
Sugar  and  starch  are  used  in  the  body  to  pro¬ 
vide  heat  and  energy.  Since  cellulose,  the  sub¬ 
stance  that  makes  up  the  woody  parts  of  trees 
and  other  plants,  cannot  be  digested  by  hu¬ 
man  beings,  it  will  not  be  considered  in  this 
unit.  All  carbohydrates  are  composed  of  car¬ 
bon,  hydrogen,  and  oxygen.  A  very  interesting 
thing  about  them  is  the  fact  that  hydrogen  and 
oxygen  are  always  present  in  the  same  ratio 
as  in  water,  that  is,  two  to  one. 

Fats  and  oils  are  also  composed  of  carbon, 
hydrogen,  and  oxygen  but  not  in  the  same  pro¬ 
portion  as  carbohydrates.  Like  sugar  and 
starch,  they  are  used  in  the  body  to  supply 
heat  and  energy.  But  because  fats  and  oils 
contain  a  smaller  proportion  of  oxygen  than 
carbohydrates,  they  can  combine  with  more 
oxygen  when  they  are  used  in  the  body.  This 
means  that  fats  and  oils  will  provide  more  heat 


and  energy  than  the  same  amount  of  sugar 
or  starch. 

Proteins  can  be  used  to  supply  the  body 
with  heat  and  energy,  but  a  far  more  impor¬ 
tant  use  is  in  making  protoplasm,  the  living 
material  in  all  cells.  You  need  to  eat  proteins 
to  build  new  cells  and  repair  old  ones.  Like 
carbohydrates  and  fats,  proteins  contain  car¬ 
bon,  hydrogen,  and  oxygen.  But  these  ele¬ 
ments  are  always  combined  with  nitrogen  and 
sometimes  sulfur  and  phosphorus.  Strange  to 
say,  the  nitrogen  content  is  usually  constant 
at  about  sixteen  per  cent.  Proteins  are  enor¬ 
mously  more  complex  compounds  than  either 
carbohydrates  or  fats.  They  are  made  avail¬ 
able  for  use  in  the  body  by  being  hydrolyzed 
by  water  and  enzymes  to  amino  acids.  The 
amino  acids  are  transported  to  the  cells  where 
they  are  changed  back  to  proteins  by  a  process 
not  well  understood. 

Before  doing  the  experiment,  answer  the 
questions  on  the  next  page.  Use  your  chem¬ 
istry  book  as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  530,  542-543, 
548 

Chemistry  and  You.  pp.  510-517,  534-536,  538- 
543 

Chemistry  at  Work.  pp.  342,  455-462,  489-495 
Chemistry  for  Secondary  Schools,  pp.  357-367 
Chemistry  in  Use.  pp.  427-428,  448-453,  477- 
485 

Dynamic  Chemistry,  pp.  222,  465,  702-711, 
723-725 

First  Book  in  Chemistry,  pp.  217,  539-550,  561- 
565,  576-579 

First  Principles  of  Chemistry,  pp.  682-691 
First  Year  of  Chemistry,  p.  538 
Modern  Chemistry,  pp.  728,  730 
Modern  Everyday  Chemistry,  pp.  309-322, 
340-353 

Modern-Life  Chemistry,  pp.  667-677 
New  Practical  Chemistry,  pp.  332,  454-458, 
466-467,  527 

New  World  of  Chemistry,  pp.  163,  600-608 
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„  „  ,  .  Changing  foods  into  water-soluble  compounds 

1.  Tell  what  is  meant  by  digestion . . 

that  can  be  used  by  the  body. 

2.  (a)  Which  classes  of  foods  does  the  body  use  mainly  for  fuel?  . 

fats. 

.  „  Proteins  and  minerals. 

b)  Which  classes  of  foods  does  the  body  use  for  growth?  . 

3.  Minerals,  vitamins,  and  water  are  not  digested  by  the  body.  Why  are  they  considered 

foods?  EsB0n'tial  to  *ody-  Minerals  needed  far  growth  and  body  chemicals. 
Vitamins  for  health.  Water  for  dissolving  and  carrying  food,  also  for  blood 
and  tissues. 

4.  What  does  hydrolysis  mean?  .  Chemioai  deocmpoeitlon  that  changes  a  compound . 

into  simpler  compounds  by  talcing  up  the  elements  of  water. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Glucose  (corn  sugar).  Sucrose  (cane  sugar  or  beet  sugar).  Fehling’s  solu¬ 
tion  A  and  B.  Hydrochloric  acid.  Sodium  hydroxide  solution.  Starch.  Tincture  of  iodine. 
Olive  oil  or  cottonseed  oil.  White  paper.  Egg  white.  Dilute  copper-sulfate  solution.  Dilute 
nitric  acid.  Ammonium  hydroxide.  Samples  of  six  different  foods,  such  as  nuts,  flour,  pota¬ 
toes,  breakfast  cereal,  butter,  and  eggs. 

apparatus  needed:  Graduate.  Test  tubes.  Test-tube  holder.  Bunsen  burner. 


In  this  experiment  you  are  going  to  learn 
the  simple  tests  used  to  identify  three  different 
classes  of  foods.  Then  you  are  going  to  test 
samples  of  foods  to  see  what  classes  they  con¬ 
tain.  Remember  that  a  food  may  contain  more 
than  one  class. 

a.  Testing  for  carbohydrates.  You  will  per¬ 
form  two  tests  for  sugar  and  one  test  for  starch 
in  this  part  of  the  experiment. 

Test  for  sugar.  One  of  the  simplest  forms  of 
sugar  is  glucose  or  com  sugar.  It  is  identified 
by  its  effect  on  Fehling’s  solution.  Mix  2  ml 
of  Fehling  A  with  2  ml  of  Fehling  B  in  a  test 
tube.  Warm  the  solution  gently  over  a  Bun¬ 
sen  flame.  (There  should  be  no  color  change. 
If  there  is,  either  your  test  tube  was  not  clean 
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or  your  Fehling’s  solutions  were  imperfect.) 
Your  mixed  solution  must  be  a  clear  blue  color 
before  your  proceed. 

Now  add  5  ml  of  a  solution  of  glucose  to  the 
mixed  F ehling’s  solution  and  heat  until  a  color 
change  is  produced.  This  color  change  proves 
the  presence  of  a  simple  sugar.  Make  the  same 
test  on  sucrose  (cane  or  beet  sugar). 

Now  place  5  ml  of  a  solution  of  sucrose  in  a 
test  tube,  add  2  ml  of  hydrochloric  acid  to  this 
solution,  and  boil  the  mixture  for  about  two 
minutes.  Cool  the  solution  and  add  sodium 
hydroxide  until  the  solution  is  just  neutral  to 
litmus.  Test  this  solution  with  Fehling’s  solu¬ 
tion  and  compare  the  result  with  the  one  you 
got  when  you  tested  corn  sugar  and  cane 
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or  beet  sugar.  The  reaction  of  the  acid  on 
cane  or  beet  sugar  is  known  as  hydrolysis  and 
takes  place  in  your  body.  It  is  one  of  the 
processes  of  digesting  carbohydrates. 

Now  test  your  samples  of  foods  for  the 
presence  of  sugars.  First  test  for  the  presence 
of  glucose.  Then  hydrolyze  each  of  the  sam¬ 
ples  with  hydrochloric  acid  and  test  for  the 
presence  of  sucrose.  Record  your  results  in 
the  table. 

Test  for  starch.  Make  up  a  dilute  solution  of 
iodine  by  dissolving  1  ml  of  tincture  of  iodine 
in  5  ml  of  water.  Use  this  solution  for  all 
starch  tests.  Place  a  small  pinch  of  starch  in  a 
test  tube  of  water.  Shake  the  tube  and  then 
add  1  or  2  drops  of  the  weakened  iodine  solu¬ 
tion.  The  blue  color  that  forms  shows  the 
presence  of  starch.  This  reaction  takes  place 
whenever  starch  comes  in  contact  with  iodine. 

Now  test  the  samples  of  food  for  starch. 
Record  your  results  in  the  table. 
b.  Testing  for  fats  and  oils.  Place  a  drop  of 
olive  oil  or  cottonseed  oil  on  a  piece  of  clean 
white  paper.  Observe  the  size  of  the  spot  and 
then  warm  it  gently  over  the  Bunsen  flame. 
The  formation  of  a  translucent  spot  that  grows 
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larger  when  heated  is  a  simple  and  common 
test  for  the  presence  of  both  fats  and  oils. 

Now  test  each  one  of  the  six  foods  in  the 
same  manner.  Record  your  results  in  the 
table. 

c.  Testing  for  proteins.  You  will  perform  two 
different  tests  to  prove  the  presence  of  pro¬ 
teins.  The  biuret  test  is  used  when  proteins 
are  in  solution  or  colloidal  suspension.  The 
xanthoproteic  test  is  used  on  solids  that  may 
contain  protein. 

Biuret  test.  Shake  a  very  small  amount  of  egg 
white  with  2  ml  of  water.  Add  2  ml  of  sodium 
hydroxide  solution  and  1  drop  of  dilute  copper- 
sulfate  solution.  The  color  change  that  is  pro¬ 
duced  proves  the  presence  of  protein. 
Xanthoproteic  test.  Coagulate  some  egg  white 
by  heating  it  in  a  test  tube.  Then  add  3  ml  of 
dilute  nitric  acid.  Heat  gently  until  there  is  a 
color  change.  Pour  off  the  acid  and  add  2  ml 
of  ammonium  hydroxide.  The  second  color 
change  is  due  to  the  formation  of  the  am¬ 
monium  salt  of  xanthoproteic  acid. 

Now  test  each  one  of  the  foods  for  proteins, 
using  the  proper  test.  Record  your  results  in 
the  table. 


FOOD  TESTED 

IS  SUGAR  PRESENT? 

IS  STARCH 
PRESENT? 

IS  FAT 
PRESENT? 

IS  PROTEIN 
PRESENT? 

GLUCOSE 

SUCROSE 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  What  color  change  is  produced  when  glucose  is  treated  with  Fehling’s  solution? 

Brick  red 

None 


b)  When  sucrose  is  treated  with  Fehling’s  solution? 
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2.  Show  by  an  equation  what  happens  to  sucrose  when  it  is  hydrolyzed. 

C  12^22° ll . 4  h2°  C6E12_°6.  t  C6°12°6 

3.  (a)  What  elements  are  present  in  sugar?  . 

b)  In  egg  white?  Cai-bon,  hyd^ogen,  ^  . 

4.  (a)  What  color  produced  in  the  biuret  test  shows  the  presence  of  proteins? 

Violet 


b) 


In  the  xanthoproteic  test?  ! 


CONSUMER  APPLICATIONS 

1.  Why  is  taste  not  a  safe  guide  in  selecting  food? 

necessary  for  well-balanced  diet  merely  by  taste. 


2.  Which  will  digest  more  easily,  candy  made  from  glucose  or  sucrose?  9^llC-08e 

111  digestion  complex  sugars  like  sucrose  must  first  be  changed  to 

glucose . 

3.  When  poaching  eggs,  should  you  drop  them  in  hot  water  or  cold  water? 
Explain  Sot  water  ^kes  egg  whites  coagulate  immediately. 


4.  Suppose  there  is  an  unlabeled  bottle  containing  a  brown  solution.  You  do  not  know 

whether  it  is  iodine  or  window  cleaner.  How  can  you  find  out  easily  and  safely? 

on  starch  (piece  of  potato  or  rice).  If  blue-black  color  results,  iodine  is 

present. 

5.  Since  proteins  must  be  hydrolyzed  to  be  used  as  food,  would  you  recommend  cooking 

protein  foods  over  a  hot  flame  or  a  slow  flame?  ... .  Why?  J . 

partial  hydrolysis,  making  food  easier  to  digest. 
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Experiment  15 

How  can  you  determine  what  butter  contains? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  is  the  quality  of  butter  judged?  Do  you 
know  the  difference  between  an  80-score  but¬ 
ter  and  a  92-score  butter? 

Butterfat  is  a  very  concentrated  food  with  a 
high  heat  value  in  Calories.  Because  it  is  per¬ 
haps  the  most  digestible  form  of  fat,  it  should 
form  one  of  the  most  important  foods  in  your 
diet.  Butter  is  a  very  good  source  of  vitamin  A 
and  also  contains  vitamin  D. 

For  many  years  most  butter  was  churned  by 
farmers  and  sold  by  them.  Today  most  butter 
is  churned  in  creameries.  Both  ripened  and 
fresh  cream  may  be  used  in  churning  butter. 
Ripened  or  sour  cream  is  used  more  than 
fresh  cream  because  it  forms  butter  faster. 
Cream  is  a  colloidal  suspension.  When  it  sours, 
the  acid  formed  by  bacterial  action  causes  the 
butterfat  and  water  to  separate.  The  cream, 
which  usually  contains  about  40%  butterfat,  is 
agitated  in  a  churn  until  the  small  butterfat 
globules  go  together.  Most  of  the  buttermilk, 
which  has  now  been  separated  from  the  fat,  is 
drawn  off,  leaving  a  mixture  of  butter  and 
buttermilk.  The  butter  must  now  be  washed 
with  cold  water  so  that  all  of  the  buttermilk  is 
removed;  otherwise  the  butter  would  soon  be¬ 
come  rancid. 

When  the  butter  has  been  washed,  it  is 
worked  into  a  solid  mass  and  salted.  Butter 


from  different  churnings  will  vary  in  the 
amount  of  fat,  salt,  curd,  and  water  present. 
The  taste  and  odor,  which  are  very  important 
in  butter,  will  also  vary.  Both  butter  and 
cream  absorb  all  kinds  of  odors,  most  of  them 
objectionable  in  butter.  Butter  is  therefore 
graded.  Butter  scoring  92  or  better  will  be  of 
superior  quality  in  all  of  these  points.  Butter 
must  score  at  least  80  to  pass  the  requirements 
of  the  United  States  Department  of  Agricul¬ 
ture.  What  is  the  score  of  the  butter  you  use? 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  p.  486 

Chemistry  and  You.  pp.  177-178 

Chemistry  at  Work.  pp.  233,  519 

Chemistry  for  Secondary  Schools,  p.  338 

Chemistry  in  Use.  pp.  280,  471 

Dynamic  Chemistry,  pp.  688,  710 

First  Book  in  Chemistry,  pp.  561-565 

First  Principles  of  Chemistry,  p.  682 

First  Year  of  Chemistry,  p.  527 

Modern  Chemistry,  p.  703 

Modern  Everyday  Chemistry,  p.  361 

Modern-Life  Chemistry,  p.  658 

New  Practical  Chemistry,  pp.  119,  467 

New  World  of  Chemistry,  pp.  606-607,  610, 

644-645 

easily  digested,  rich 


„  ^  j  r  jo  Concentrated  fuel  food 

1.  Why  is  butter  a  very  good  food: 

In  fate,  source  of  vitamins  A  and  D 


2.  What  vitamins  are  present  in  butter?  .P...PPP-P~ . 

f  An* 

3.  What  is  the  minimum  butterfat  content  requirement  for  butter  in  your  State?  A . 

swer  will  vary  in  different  states.  )  . 


65 


15 


EXPERIMENTING  TO  FIND  THE  FACTS 
materials  needed:  Butter.  Naphtha. 

apparatus  needed:  Balance.  150  ml  beaker.  Pan  or  400  ml  beaker.  Bunsen  burner.  Wire 
gauze.  Graduate.  Glass  stirring  rod.  Evaporating  dish.  Funnel.  Filter  paper. 


In  this  experiment  you  are  going  to  deter¬ 
mine  how  much  of  each  ingredient  there  is  in 
a  sample  of  butter. 

a.  Amount  of  water.  Weigh  out  exactly  10 
grams  of  butter  into  a  150  ml  beaker.  Place 
the  beaker  on  a  wire  gauze  on  the  ring  of  a 
ringstand  and  heat  until  the  butter  stops  foam¬ 
ing  and  bubbling.  Cool  the  beaker  and  weigh 
it  again.  The  loss  in  weight  represents  the  loss 
caused  by  evaporation  of  water.  Record  the 
loss  in  weight  in  the  table.  Save  your  melted 
sample  of  butter  for  the  next  part  of  the  ex¬ 
periment. 

b.  Amount  of  butterfat.  Add  approximately 
50  ml  of  naphtha  to  the  melted  sample  of  but¬ 
ter  and  mix  it  thoroughly  with  a  glass  rod. 
Caution!  Naphtha  is  inflammable  but  not 
explosive  in  an  open  vessel.  The  butterfat  will 
dissolve  in  the  naphtha.  Allow  the  mixture 
to  stand  for  a  few  minutes  and  then  carefully 
pour  off  the  naphtha  layer  into  an  evaporat¬ 
ing  dish.  Add  25  ml  more  of  naphtha  to  the 
beaker  and  repeat  the  process  of  dissolving 
the  fat. 

Remove  the  excess  naphtha  remaining  in 
the  beaker  by  heating  in  a  hot  water  bath. 
After  the  naphtha  has  been  removed,  cool  the 
beaker  and  reweigh.  The  further  loss  in  weight 
from  Part  a  represents  the  amount  of  butter¬ 


fat  in  the  butter.  Record  the  loss  in  weight  in 
the  table.  Save  your  beaker  and  its  contents 
for  the  next  part  of  the  experiment, 

c.  Amount  of  salt  and  curd.  The  salt  is  re¬ 
moved  from  the  curd  by  dissolving  it  in  cold 
water.  Fill  the  beaker  at  least  half  full  of  cold 
water  and  stir  the  mixture  with  a  glass  rod. 
Weigh  a  piece  of  filter  paper  and  record  its 
weight  on  a  piece  of  paper.  When  the  salt  has 
dissolved,  filter  the  solution  through  the 
weighed  paper,  placed  in  a  funnel.  ( See  p.  86. ) 
Wash  out  the  beaker  with  more  cold  water  and 
pour  this  wash  water  through  the  filter  paper. 
Throw  the  filtrate  away. 

Remove  the  filter  paper  from  the  funnel  and 
allow  it  to  dry  in  your  locker  until  the  next 
laboratory  period  or  dry  it  on  a  wire  gauze 
over  a  very  low  Bunsen  flame.  Weigh  the  filter 
paper  after  it  is  dry.  The  increase  in  weight 
of  the  filter  paper  is  the  weight  of  the  milk 
curd. 

Add  together  the  weights  of  water,  butter¬ 
fat,  and  milk  curd  and  subtract  the  total  from 
10,  the  weight  in  grams  of  your  butter  sample. 
The  difference  is  the  amount  of  salt  present. 

Since  your  original  sample  weighed  10 
grams,  the  percentage  of  each  ingredient  can 
be  found  by  multiplying  the  weight  in  grams 
by  ten. 


INGREDIENT 

WATER 

BUTTERFAT 

MILK  CURD 

SALT 

Weight 

Per  cent 

CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  Explain  why  butter  can  be  churned  more  easily  from  sour  cream  than  from  sweet  cream. 
Acid  in  sour  cream  causes  butterfat  and  water  to  separate.  Butter  churns 


faster . 


2.  What  substance  in  butter  is  soluble  in  naphtha? 
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3.  Would  there  be  any  appreciable  difference  in  the  results  if  hot  water  were  used  instead 
of  cold  to  dissolve  the  salt?  Why?  Sait  Is  only  slightly  more  soluble  In  hot 

water  than  in  cold  water. 


4.  What  will  happen  to  butter  that  has  not  been  thoroughly  washed  free  of  buttermilk? 

Soon  will  become  rancid. 


CONSUMER  APPLICATIONS 

1.  Butter  with  a  fat  content  of  80%  is  sold  for  34  cents  per  pound.  Another  brand  of  butter, 
with  a  fat  content  of  90%,  sells  for  40  cents  per  pound.  Which  brand  will  give  you  the  more 

food  for  your  money?  .  Show  your  calculations.  . 

butter  of  80$  variety  costs  42.5  cents.  (34  cents  •  .80  =  42.5  cents)  1  lb. 
pure  butter  of  90$  variety  costs  44.4  cents.  (40  cents  j  .90  =  44.4  cents) 


2.  Butter  absorbs  odors  and  tastes.  How  should  butter  be  stored9  . .^T1  c^.0.s . .C0I1^aAne.r 

in  cool  place. 


3.  How  is  it  possible  for  a  creamery  to  pay  a  farmer  35  cents  per  pound  for  butterfat  and 

,  10  Butter  is  usually  about  80$  butterfat.  Rest 

still  sell  butter  for  35  cents  per  pound?  . - . 

is  water,  salt,  and  curd  whose  cost  is  very  small.  Butterfat  in  pound  of 
butter  costs  28  cents  (80$  of  35  cents).  Difference  of  J  cents  3 UPP 11 68 
other  costs  and  profit. 
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4.  What  care  should  a  dairyman  or  farmer  give  cream  that  is  to  be  used  for  making  butter? 
Sterile  containers  covered  to  avoid  contamination.  Keep  cool  enough  to  pre¬ 
vent  cream  from  becoming  so  sour  it  froths. 


5.  Is  a  high  percentage  of  curd  desirable  or  undesirable  in  butter?  . 

Explain  the  cur<i  cogent  is  high,  the  butterfat  will  be  correspondingly 

lower.  Curd  has  tendency  to  speed  rancidity  in  butter. 


6.  What  things  should  you  consider  in  selecting  and  buying  butter?  . _ _c.c>11^® n.^. > 

taste,  odor,  texture.  Butter  should  be  made  from  good  cream  produced  under 

sanitary  conditions.  (High-score  butter  has  these  characteristics.) 
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How  are  oils  changed  to  solids? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  are  oils  changed  to  solids?  When  this 
is  done,  is  there  any  change  in  the  food  value? 

Vegetable  oils,  especially  olive  oil,  have  for 
a  long  time  been  important  foods  for  many 
people.  Oils  are  obtained  from  peanuts,  cot¬ 
tonseeds,  corn,  soybeans,  coconuts,  palm  ker¬ 
nels,  and  similar  things.  In  solidified  form  they 
have  become  very  popular  with  housewives. 
When  washed  and  pressed,  they  can  be  used 
as  a  substitute  for  lard.  When  salted  and 
churned  with  buttermilk,  they  form  a  substi¬ 
tute  for  butter  known  as  margarine. 

Oleomargarine  was  originally  made  from 
oleo  oil  pressed  from  beef  tallow.  Nut  marga¬ 
rine  is  made  from  vegetable  oils.  By  law,  oleo¬ 
margarine  now  includes  all  butter  substitutes 
made  from  either  animal  or  vegetable  oils  or 
any  mixture  of  them. 

Hydrogen  is  used  to  solidify  the  oils.  The 
process  is  known  as  hydrogenation.  Many  oils 
contain  glyceryl  oleate  [  (C17H33COO)3  C3H5], 


a  liquid  which  unites  with  hydrogen  to  form 
the  solid  fat,  glyceryl  stearate  [  (C17H!5COO)3 
C3H5].  To  make  hydrogen  react  with  the  oil  a 
catalyst  of  nickel  must  be  used. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  p.  78 

Chemistry  and  You.  p.  505 

Chemistry  at  Work.  p.  482 

Chemistry  jor  Secondary  Schools,  pp.  34,  339 

Chemistry  in  Use.  pp.  401,  471-472 

Dynamic  Chemistry,  pp.  69,  689-690 

First  Book  in  Chemistry,  pp.  561-565 

First  Principles  of  Chemistry,  p.  685 

First  Year  of  Chemistry,  p.  59 

Modern  Chemistry,  p.  80 

Modern  Everyday  Chemistry,  p.  361 

Modern-Life  Chemistry,  p.  674 

New  Practical  Chemistry,  pp.  55,  466 

New  World  of  Chemistry,  pp.  30,  60-61,  606 


1.  What  advantages  does  a  solid  fat  have  over  a  liquid  oil  in  cooking?  **????„ 

handled.  Pastries  do  not  have  oily  appearance  whe  n  s olid  fat  is  used. 


,  £  i  ,,  0  No  77.  i-  Has  as  much  heat  value  as 

2.  Is  margarine  as  good  a  food  as  butter?  .  Explain . . . 

butter  but  lacks  vitamin  A,  essential  for  proper  growth. 


„  m  „  ,  A  i  .  .  Substance  that  affects  speed  of  chemical  reaction 

3.  Tell  what  a  catalyst  is.  . . . 

but  is  not  itself  affected  by  the  reaction. . nactlooB^ 


place  without  catalyst .  ) 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Sample  of  oil:  peanut,  cottonseed,  corn,  or  soybean.  Nickel  catalyst.  Acti¬ 
vated  charcoal  or  boneblack. 

apparatus  needed:  250  ml  Erlenmeyer  flask  with  two-hole  stopper.  Bottle  with  two-hole 
stopper.  Clamp.  Ring  and  ringstand.  Wire  gauze.  Bunsen  burner.  Glass  tubing  (read  pp.  190 
and  228).  Rubber  tubing.  Filter  paper.  Funnel.  150  ml  beaker.  Graduate.  Balance. 


In  this  experiment  you  are  going  to  hydro¬ 
genate  a  vegetable  oil  by  passing  gas  from  the 
outlet  through  the  oil.  You  will  use  a  nickel 
catalyst  to  bring  about  the  reaction.  (If  your 
gas  supply  does  not  contain  hydrogen,  this  ex¬ 
periment  cannot  be  worked  according  to  these 
directions. ) 


Equip  the  flask  with  a  two-hole  stopper. 
Push  a  piece  of  glass  tubing  through  one  of  the 
holes  so  that  it  reaches  the  bottom  of  the  flask 
and  extends  two  or  three  inches  above  the 
stopper.  Connect  this  glass  tube  to  your  gas 
outlet  with  a  piece  of  rubber  tubing.  Place  a 
short  piece  of  glass  tubing  in  the  other  stopper 
hole.  Extend  it  no  more  than  half  an  inch  be¬ 
low  the  stopper.  Connect  this  tube  to  your 
Bunsen  burner  with  a  piece  of  rubber  tubing. 


(If  the  vaporized  oil  tends  to  clog  the  burner, 
bubble  it  through  water  in  a  bottle  as  shown 
in  the  diagram. ) 

Measure  out  20  ml  of  the  oil  to  be  hydroge¬ 
nated  and  pour  it  into  the  flask.  Add  about 
.1  gram  of  nickel  catalyst.  Be  sure  the  stopper 
is  tight.  Clamp  the  flask  to  a  ringstand,  setting 
it  on  a  wire  gauze  on  a  ring. 

Turn  on  the  gas.  Allow  the  gas  to  flow 
through  the  system  and  then  light  the  burner. 
You  will  now  be  burning  the  gas  that  has  bub¬ 
bled  through  the  oil.  Place  the  burner  under 
the  flask  and  heat  the  oil  until  it  starts  to 
smoke.  Keep  heating  the  oil  for  twenty  or 
thirty  minutes  at  this  temperature.  Then  add 
a  pinch  of  activated  charcoal  or  boneblack  and 
heat  for  an  additional  ten  minutes  without 
passing  the  gas  through  the  oil.  (The  acti¬ 
vated  carbon  tends  to  coagulate  the  catalyst  so 
that  it  can  be  removed  by  filtering.) 

Pour  the  hot  oil  through  a  folded  filter  paper 
and  funnel  into  a  150  ml  beaker.  If  one  filter 
paper  is  not  sufficient  to  remove  all  of  the 
catalyst,  use  two  or  three  papers.  Then  let 
the  oil  cool.  Compare  your  product  with  the 
oil  you  used  to  prepare  it  and  with  brands  of 
hydrogenated  oils  you  have  seen  in  your  home 
or  in  stores. 

Show  your  product  to  your  instructor  for 
his  approval.  Approved . 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Write  the  equation  showing  how  hydrogen  affects  glyceryl  oleate. 

2.  What  is  the  purpose  of  the  nickel  in  this  experiment? 
action  will  not  take  place  without  It. 
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3.  What  happens  to  the  nickel  after  it  has  been  used?  . ^ ^  ^ 

action. 


4.  Why  does  your  flask  have  to  be  stoppered  tightly? 

would  not  be  available  for  reaction. 


5. 


How  does  activated  charcoal  or  boneblack  affect  the  hydrogenated  oil? 


Coagulates 


nickel  catalyst  and  clarifies  hydrogenated  oil. 


CONSUMER  APPLICATIONS 


1.  Com  oil,  peanut  oil,  cottonseed  oil,  and  soybean  oil  all  contain  glyceryl  stearate  when 
hydrogenated.  Should  there  be  any  noticeable  difference  in  the  flavor  in  the  hydrogenated  oils 


No 


Except  for  impurities  in  oil  which  might  give 


made  from  them?  .  Explain. 

some  flavor,  hydrogenated  oils  should  taste  the  same.  Contain  same  compound. 


2.  What  causes  the  difference  in  price  of  various  hydrogenated  oils? 

rials,  transportation,  advertising  expenses,  selling  costs,  etc 


Cost  of  raw  mate- 


3.  Name  a  material  that  can  sometimes  be  used  to  remove  odors  and  coloring  from  food. 

Activated  charcoal  or  boneblack. . 

4.  What  things  should  be  considered  in  selecting  margarine  as  a  substitute  for  butter? 
Food  value,  vitamin  content,  pur i ty,  eani tar y  coniit ions  of  P^P^tion,  ccm- 

parative  cost  of  margarine  and  butter,  etc. . 
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5.  Read  the  labels  on  different  brands  of  butter  substitutes  and  lard  substitutes.  List  the 

brands  and  the  oils  from  which  they  are  made.  .iAnswers  Cottonaeed  oil, 

peanut  oil,  soybean  oil,  corn  oil,  etc. 


6.  Some  hydrogenated  oils  will  melt  below  body  temperatures,  while  others  will  not.  Which 

kind  can  be  digested  more  easily?  'Ihoe9  that  Belt  be  lev  body  temperature . 

Explain  ^sier  to  digest  liquid  oil  than  solid  fat.  Melted  oil  vill  be 
liquid. 
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What  harmful  substances  may  be  used  to  preserve  foods? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  can  we  have  a  bigger  variety  of  food 
today  that  did  the  aristocracy  of  Queen  Eliza¬ 
beth’s  England,  the  lords  and  nobles  of  Louis 
XV’s  court,  or  even  the  rich  prospectors  of  our 
own  gold-rush  days? 

Each  of  these  groups  had  the  wealth  to  buy 
almost  anything.  Yet  they  could  not  get  the 
foods  we  can  because  they  were  not  available. 
They  had  fresh  fruits  and  vegetables  in  season; 
but  their  only  ways  of  preserving  food  were 
salting,  drying,  and  smoking.  Not  all  foods 
can  be  handled  well  by  these  methods.  At  the 
present  time  we  not  only  use  the  old  preserv¬ 
ing  methods  but  also  refrigeration,  “quick 
freezing,”  and  canning. 

The  way  to  keep  any  food  from  spoiling  is 
to  kill  the  bacteria  present  or  slow  down  their 
growth.  But  there  is  more  to  preserving  food 
than  just  killing  bacteria.  Besides  containing 
the  energy  foods,  fresh  fruits  and  vegetables 
also  contain  proteins,  minerals,  and  vitamins. 
These  must  be  preserved  for  us  to  get  the 
full  food  value  from  them. 

Chemicals  are  sometimes  added  to  foods  to 
stop  or  check  bacterial  action.  Some  of  these 


chemicals  are  poisonous,  and  others  may  de¬ 
stroy  vitamins. 

Chemical  preservatives  are  often  used  when 
the  food  has  not  been  cooked  properly  before 
canning  or  bottling,  or  when  it  is  not  going  to 
be  properly  refrigerated  before  being  eaten. 
One  cent’s  worth  of  preservatives  will  do  the 
work  of  many  pounds  of  ice. 

Answer  the  following  question  before  do¬ 
ing  the  experiment.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  You.  pp.  275-276,  282-284,  607- 
608 

Chemistry  at  Work.  pp.  361,  396,  475-476,  487 
Chemistry  for  Secondary  Schools,  pp.  334, 
347,  373,  479,  553 
Chemistry  in  Use.  p.  550 
Dynamic  Chemistry,  pp.  301-303,  636-637,  699 
First  Book  in  Chemistry,  pp.  179,  323,  415 
Modern  Chemistry,  p.  735 
Modern  Everyday  Chemistry,  pp.  353-362 
Modern-Life  Chemistry,  pp.  460,  572,  654,  669, 
683 

New  Practical  Chemistry,  pp.  204-205,  449 
New  World  of  Chemistry,  pp.  328,  555 


1.  State  why  each  of  the  following  methods  preserves  food: 

x  n  Lack  of  moisture  checks  growth  of  bacteria  and  mold. 

b)  Smoking  checks  growth  of  bacteria  and  mold. 


c)  Salting  Sa1^  solution  checks  growth  of  bacteria  and  mold. 

d)  Canning  21110  “bacteria  and  mold  by  heat,  then  keeps  them  out. 

Heat  and  chemical  preservatives 

2.  How  may  vitamins  be  lost  in  preserving  food?  . 

destroy  certain  vitamins. 


3.  In  what  ways  may  valuable  minerals  be  lost  when  foods  are  preserved?  . 

away  water  in  which  foods  were  cooked.  Water  contains  minerals. 

4.  What  is  the  most  common  way  of  destroying  food  bacteria?  . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Hamburger  or  ground  meat.  Sodium  sulfite.  Dilute  hydrochloric  acid. 
Powdered  zinc  free  of  sulfur.  Saturated  solution  of  lead  nitrate.  Two  different  brands  of  crack¬ 
ers  or  saltines.  Two  different  kinds  of  ice-cream  cones.  Borax  or  boric  acid.  Turmeric  paper. 
Sodium  hydroxide.  One  brand  of  catsup.  One  brand  of  jam.  One  brand  of  jelly.  Salicylic  acid. 
Dilute  sulfuric  acid.  Chloroform.  Ferric  chloride  solution.  Benzoic  acid.  Ammonium  hydroxide. 
apparatus  needed:  Evaporating  dish.  Erlenmeyer  flask.  Crucible.  Filter  paper.  Ring  and 
ringstand.  Wire  gauze.  Clay  triangle.  Test  tube.  Cork.  Separatory  funnel  or  regular  funnel 
equipped  with  rubber  tubing,  pinch  clamp,  and  glass  tip  (p.  60).  Three  watch-glasses.  Beaker. 


In  this  experiment  you  are  going  to  identify 
and  then  detect  four  of  the  preservatives  some¬ 
times  used  in  foods.  Since  not  all  foods  contain 
these  preservatives,  you  will  add  a  preserva¬ 
tive  to  one  food  and  then  test  for  its  presence. 
Then  you  can  identify  it  later  if  it  has  been 
added  to  the  foods  that  you  are  testing. 

a.  Test  for  sulfite.  One  of  the  most  dangerous 
preservatives  used  in  foods  is  sodium  sulfite. 
When  it  is  added  to  partly  spoiled  meat,  it  may 
conceal  the  odors  of  decay,  but  it  does  not  kill 
the  poisonous  toxins  produced  during  the 
spoilage.  Hamburger  made  from  wastes  can  be 
made  to  look  fresh  and  appetizing  by  adding 
sodium  sulfite.  This  type  of  meat  is  unfit  for 
human  consumption.  Many  causes  of  sickness 
and  even  death  have  resulted  from  eating  meat 
preserved  with  sodium  sulfite. 

Before  testing  a  commercial  product,  learn 
the  procedure  by  weighing  out  about  5  grams 
of  hamburger  into  an  evaporating  dish.  Add 
about  Vi  gram  of  sodium  sulfite,  2  grams  of 
powdered  zinc  free  of  sulfur,  and  enough  water 
to  form  a  thick  paste.  Mix  these  materials  and 
place  them  in  an  Erlenmeyer  flask  on  a  wire 
gauze  on  a  ring  of  a  ringstand. 

Wet  a  piece  of  filter  paper  with  a  saturated 
solution  of  lead  nitrate  and  place  this  paper 
over  the  mouth  of  the  flask.  Then  add  5  ml  of 
dilute  hydrochloric  acid.  Heat  the  flask  gently 
over  a  Bunsen  flame.  The  filter  paper  will 
turn  black  due  to  the  formation  of  lead  sul¬ 
fide.  This  blackening  is  the  test  for  the  pres¬ 
ence  of  sulfite. 

Test  a  sample  of  hamburger  in  the  same 
way,  but  do  not  add  any  sodium  sulfite.  You 
are  to  test  to  see  if  it  was  added  before  you 
bought  it.  Record  your  results  in  the  table. 
Show  your  filter  paper  to  your  instructor  for 
his  approval. 


b.  Test  for  borax  and  boric  acid.  These  chem¬ 
icals  are  sometimes  used  in  cheese,  ice-cream 
cones,  fancy  crackers,  and  biscuits.  When 
taken  for  a  considerable  length  of  time,  boron 
compounds  will  produce  headaches,  indiges¬ 
tion,  loss  of  appetite,  and  nausea.  For  this 
reason  you  should  avoid  foods  preserved  with 
boron  compounds. 

Crush  about  3  grams  of  crackers  into  a  cru¬ 
cible.  Add  a  pinch  of  boric  acid  or  borax  and 
place  the  crucible  with  this  mixture  on  a  clay 
triangle  on  a  ringstand.  Heat  the  crucible  with 
a  Bunsen  burner  until  you  have  nothing  left 
but  the  ash.  Add  a  drop  of  hydrochloric  acid 
to  this  ash  and  just  enough  water  to  form  a 
solution.  Dip  a  strip  of  turmeric  paper  in  this 
solution  and  allow  it  to  dry.  Drying  can  be 
speeded  by  placing  the  turmeric  paper  on  the 
side  of  a  hot  beaker.  Boron  compounds  will 
cause  the  turmeric  paper  to  turn  pink. 

Add  a  drop  of  sodium  hydroxide  to  the 
turmeric  paper.  If  it  turns  green,  your  boron 
test  is  confirmed. 

Now  test  your  two  samples  of  crackers  and 
two  samples  of  ice-cream  cones  in  the  same 
manner  without  adding  any  boric  acid  or 
borax.  Record  your  results  in  the  table  show¬ 
ing  if  any  of  the  samples  you  tested  contain 
boron  compounds  as  preservatives.  Show  your 
turmeric  paper  to  the  instructor  for  his  ap¬ 
proval. 

c.  Test  for  salicylic  acid.  This  compound  has 
been  used  for  the  preservation  of  catsup,  jams, 
and  jellies.  It  is  an  unhealthful  coal-tar 
product  that  produces  headaches  and  nausea. 

Place  a  small  amount,  about  2  or  3  drops, 
of  catsup  in  a  test  tube.  Add  a  pinch  of  sali¬ 
cylic  acid,  5  ml  of  water,  and  4  or  5  drops  of 
dilute  sulfuric  acid.  Add  5  ml  of  chloroform, 
stopper  the  tube,  and  shake.  Separate  the 
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chloroform  layer  and  save  it,  using  a  separa¬ 
tory  funnel  or  a  regular  funnel  equipped  with 
rubber  tubing,  a  pinch  clamp,  and  a  glass  tip. 

Place  the  chloroform  layer  on  a  watch-glass 
and  allow  it  to  evaporate.  After  the  chloro¬ 
form  has  evaporated,  add  1  drop  of  water  and 
1  drop  of  ferric  chloride  solution  to  the  part 
remaining  on  the  watch-glass.  A  decided  violet 
or  purple  color  indicates  the  presence  of  sali¬ 
cylic  acid. 

Without  adding  salicylic  acid  to  the  sample, 
test  one  brand  of  catsup,  one  of  jam,  and  one 
of  jelly  in  the  same  manner.  Record  your  re¬ 
sults  in  the  table.  Show  your  watch-glasses 
to  your  instructor  for  his  approval. 
d.  Test  for  benzoic  acid  and  sodium  benzoate. 
Benzoic  acid  and  sodium  benzoate  are  used  for 
the  same  purpose  as  salicylic  acid  and  are  the 
most  common  kinds  of  chemical  preservatives. 
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Prepare  a  sample  of  jelly  for  a  confirmation 
test  by  sprinkling  1  or  2  grams  of  jelly  with  a 
small  pinch  of  benzoic  acid.  Extract  the  sam¬ 
ple  with  5  ml  of  water  and  5  ml  of  chloroform 
in  the  same  manner  as  you  did  in  the  testing 
for  salicylic  acid.  After  you  have  dried  the 
sample  on  the  watch-glass,  dissolve  this  resi¬ 
due  in  ammonium  hydroxide  and  evaporate 
the  solution  to  dryness  over  a  water  bath.  Dis¬ 
solve  this  second  residue  in  a  few  drops  of 
water  and  add  a  drop  of  ferric  chloride  solu¬ 
tion.  A  flesh-colored  precipitate  of  ferric  ben¬ 
zoate  assures  you  of  the  presence  of  benzoic 
acid  or  sodium  benzoate. 

Test  one  brand  of  catsup,  and  one  of  jam, 
and  one  of  jelly  for  the  presence  of  benzoates. 
Record  your  results  in  the  table.  Show  your 
watch-glasses  to  your  instructor  for  his  ap¬ 
proval. 


Approved.  Part  a . Part  b . Part  c  . Part  d 


FOOD  TESTED 

IS  PRESERVATIVE  PRESENT? 

WHICH  PRESERVATIVE? 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  kinds  of  foods  are  preserved  with  (a)  sodium  sulfite?  .Gro.und..??e.at.-'. -Such. :  as 

hamburger,  sausage,  etc. 

b)  Borax  and  boric  acid?  Crackers,  biecuits,  i<*>.  cream  conee,  chess*,  etc. . 
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c)  Salicylic  acid?  Jellies,  catsup,  etc. . 

d)  Sodium  benzoate  and  benzoic  acid?  dstne ,  J©lll®s?  cat8Up,  otc. . 

2 .  Show  by  equations  how  hydrogen  sulfide  [  H2S  ]  was  produced  from  sodium  sulfite  [  Na2S03  ] . 

1.  lfe2S02  *  2HC1 — y  2NaCl  ♦  SQ2  +  H2O  2.  Zn  ♦  2HC1-^.  ZnCl2  t  52 

3 .  SO2  +  3B2  — >  ♦  2EqO 

3.  Show  by  an  equation  how  lead  sulfide  [PbS]  was  produced  from  lead  nitrate  [Pb(N03)2]. 

Pb(N0^  )2  4  H2S  — >  PbS^f  2HN0^ 

4.  What  happens  to  turmeric  paper  in  the  presence  of  boric  acid  or  borax?  . 

in  acid  solution. 

5.  How  would  you  confirm  a  test  for  borax  or  boric  acid?  . 

droxide  to  turmeric  paper.  Will  turn  green. 


6.  What  types  of  preservatives  are  soluble  in  chloroform?  .  C?^C..aC^ . C.. 

acid  or  their  compounds. 

7.  What  is  formed  when  ferric  chloride  [FeCl3]  is  added  to  benzoic  acid  [CcH5C02H]? 

® .  Show  this  formation  by  an  equation. 

5C6H5C92h  ♦  FeClj  ->  (C^CO^^Fe  *  3HC1 


CONSUMER  APPLICATIONS 

1.  If  you  discovered  that  a  meat  market  was  selling  meat  treated  with  sodium  sulfite,  what 

. .  ,  0  (Answers  will  vary.)  Call  attention  to  fact,  report  to  author- 

would  you  do?  . . . . . . 

ities,  stop  buying  there,  etc. 

2.  Fruits  used  in  ice-cream  parlors  are  often  preserved  with  sodium  benzoate.  If  you  had 
your  choice  between  fresh  fruit  sundaes  and  preserved  fruit  sundaes,  which  would  you  buy? 

Fresh  1  .  ,  .  More  wholesome.  Will  not  contain  sodium 

.  Explain  your  choice. . . . 

benzoate . 

3.  Some  tomato  catsups  have  an  added  preservative;  others  do  not.  Which  type  of  catsup  is 

made  from  better  tomatoes?  'IhoS9  without  added  preservative. . 

4.  Partly  decayed  and  fly-infested  apples  are  sometimes  made  into  apple  butter  since  they 
cannot  be  sold  as  eating  apples.  Why  must  a  preservative  be  added  to  this  type  of  apple  butter? 

Keeps  apple  butter  from  spoiling. 
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Experiment  18 

How  can  you  tell  if  foods  have  been  bleached? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  are  foods  bleached?  What  chemicals 
are  used  to  bleach  foods? 

To  make  foods  look  attractive  and  appetiz¬ 
ing  is  certainly  the  desire  of  every  good  cook, 
but  even  the  most  ignorant  one  would  not 
make  a  green  salad  by  spraying  carrots  or 
pears  with  Paris  green  or  some  other  poison. 
Yet  some  foods  are  bleached  with  poisonous 
sulfur  dioxide  to  make  them  appear  attractive. 

Sulfur  dioxide  is  a  bleach  and  preservative 
commonly  used  on  fruits.  Bottled  goods,  such 
as  maraschino  cherries,  must  carry  the  infor¬ 
mation  on  the  label  if  they  contain  it.  Dried 
fruits  sold  in  bulk,  such  as  raisins,  currants, 
apricots,  peaches,  and  figs,  although  sometimes 
bleached,  are  not  labeled  so  as  to  indicate 
whether  or  not  sulfur  dioxide  has  been  used. 


Before  doing  the  experiment,  answer  the  fol¬ 
lowing  questions.  Use  your  chemistry  book  as 
a  reference. 

Chemistry  and  Its  Wonders,  pp.  423-424 
Chemistry  and  You.  pp.  275-276,  282-284 
Chemistry  at  Work.  pp.  355,  361 
Chemistry  for  Secondary  Schools,  pp.  181-184 
Chemistry  in  TJse.  pp.  272,  549-550,  576 
Dynamic  Chemistry,  pp.  301-303 
First  Book  in  Chemistry,  pp.  317-323 
First  Principles  of  Chemistry,  pp.  225-228 
First  Year  of  Chemistry,  pp.  224-225 
Modern  Chemistry,  p.  739 
Modern  Everyday  Chemistry,  pp.  360-361 
Modern-Life  Chemistry,  p.  288 
New  Practical  Chemistry,  pp.  194,  205 
New  World  of  Chemistry,  pp.  320,  328 


tt  •  ir  j-  -j  j  ,,  1.  Burning  sulfur  in  air 

1.  How  is  sulfur  dioxide  produced:  . . . . . -Tr..... . . 

2.  Adding  acid  to  sulfite,  such  as  sodium  sulfite. 


t 


2. 


What  reaction  takes  place  between  sulfur  dioxide  and  water? 


Sulfurous  acid 


formed.  SO2  -f  H2O  ^  HgSO^ 


_  .  .  ,  .  ,  ,  n  Removal  of  oxygen  from  compound. 

3.  Explain  what  reduction  means  chemically.  . . . -  . 

Also  reducing  valence  of  metal  in  chemical  combination. 


All 

4.  What  effect  would  an  excessive  amount  of  sulfur  dioxide  have  on  the  human  body?  . 

compounds  formed  from  it  injurious  to  body. 

5.  Tell  how  sulfur  dioxide  will  affect  bacteria  that  might  ordinarily  attack  fruit.  F.1.1.™ . 

bacteria. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Four  different  samples  of  dried  fruit.  Powdered  zinc  free  of  sulfur.  Satu¬ 
rated  solution  of  lead  nitrate.  Concentrated  solution  of  hydrochloric  acid. 


apparatus  needed:  Balance.  Erlenmeyer  flaf 
Wire  gauze.  Bunsen  burner. 

In  this  experiment  you  are  going  to  test  dif¬ 
ferent  dried  fruits  to  see  whether  or  not  they 
have  been  bleached  with  sulfur  dioxide. 

Weigh  out  a  5-gram  sample  of  one  of  the 
fruits  to  be  tested  and  mix  about  1  gram  of 
powdered  zinc  with  the  fruit.  Then  place  the 
mixture  in  an  Erlenmeyer  flask.  Set  the  flask 
over  a  wire  gauze  on  the  ring  of  a  ringstand 
and  add  5  to  10  ml  of  concentrated  hydro¬ 
chloric  acid.  Saturate  a  piece  of  filter  paper 
with  lead  nitrate  solution  and  lay  it  over  the 
top  of  the  flask  so  that  no  fumes  can  escape 


Graduate.  Filter  paper.  Ring  and  ringstand. 

without  striking  the  filter  paper.  Heat  the  mix¬ 
ture  gently  over  a  Bunsen  flame. 

If  any  sulfur  dioxide  is  present,  the  filter 
paper  will  be  blackened.  Hydrogen  liberated 
from  the  hydrochloric  acid  by  the  zinc  will  re¬ 
duce  the  sulfur  dioxide  to  hydrogen  sulfide. 
Lead  sulfide,  which  is  black,  will  be  formed 
when  hydrogen  sulfide  reacts  with  lead  nitrate. 
Record  your  results  in  the  table.  Repeat  the 
test  with  the  other  samples  of  dried  fruit. 
Show  all  of  your  filter  papers  to  your  instruc¬ 
tor  for  his  approval.  Approved . 


FRUIT  TESTED 

IS  SULFUR  DIOXIDE 
PRESENT? 

FRUIT  TESTED 

IS  SULFUR 

DIOXIDE  PRESENT? 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Show  by  an  equation  how  hydrogen  is  produced  from  the  materials  added  to  the  fruit 
sample. 

Zn  +  2  HC 1  — ^  ZnC  1 ^  +  Hg  T 

2.  Use  an  equation  to  show  how  sulfur  dioxide  is  converted  to  hydrogen  sulfide. 

SO2  ^  ^  HgS  ♦  22^0 

3.  Write  the  equation  that  shows  how  lead  sulfide  is  produced. 

Pb  (NO^  )2  ♦  HgS  — >  FbS|+  2HN0^ 

4.  Why  would  it  be  impossible  to  use  sulfuric  acid  instead  of  hydrochloric  acid  in  producing 

hydrogen  in  this  experiment?  SuLfurio  acid  would  react  with  fruit.  Sulfur  in . 

fruit  vould  be  changed  to  hydrogen  sulfide  and  set  free .  Would  not  give  fair 
test  for  sulfite  because  sulfur  compound  vould  be  added. 


JL 
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5.  What  would  happen  to  your  test  for  sulfur  dioxide  in  the  fruit  if  the  zinc  you  added  con- 
tained  some  sulfur  or  zinc  sulfide?  Woula  give  test  for  sulfite  even  though  sulfite 
not  present  in  fruit. 


CONSUMER  APPLICATIONS 

1.  Which  would  you  recommend,  dried  fruits  or  fresh  fruits?  . .  Why?  ...^0re 


wholesome.  Will  not  contain  sulfur  dioxide.  Will  contain  vitamins  and 


minerals . 


2.  (a)  What  effect  would  soaking  dried  fruits  in  water  have  on  any  sulfur  dioxide  in  them? 

Water  will  dissolve  sulfur  dioxide. 


Yes 


b )  Would  you  suggest  this  as  a  possible  way  of  reducing  the  sulfur  dioxide  content? 

.  When  sulfur  dioxide  is  dissolved  in  water,  it  can  he  driven  off  by 
Explain . . - . - . - . 


boiling  water. 


3.  Vitamins  and  minerals  lie  close  to  the  fruit  skin.  How  will  bleaching  with  sulfur  dioxide 

Will  destroy  vitamins  and  change  minerals  to  sulfites. 


affect  them? 
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4.  List  the  disadvantages  of  using  bleached  foods,  (toSW>rB  l  t  Inferlor 

foods  may  be  disguised  by  bleaching.  2.  Bleached  foods  unwholesane.  3.  Vita¬ 


mins  may  be  destroyed.  4.  Minerals  may  be  changed  to  sulfites. 


80 


NAME 


19 

PATE_ PERIOD  RATING 


Experiment  19 

How  can  you  tell  if  foods  have  been  adulterated? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  are  foods  adulterated?  What  do  you 
lose  by  buying  an  adulterated  product? 

Adulterants  are  usually  not  poisonous.  Most 
of  the  time  they  are  only  cheaper  than  the 
pure  products.  Sometimes  an  adulterant  is 
added  to  a  cheap  product  to  make  it  appear 
better  than  it  really  is. 

Water  is  added  to  milk;  starch  is  added  to 
cocoa;  annatto  coloring  is  added  to  ice-cream 
to  make  it  look  rich  in  cream;  saccharin  is  used 
for  cane  sugar.  Coal-tar  products  are  used  in 
place  of  fruit  flavorings.  Even  lungs  are 
ground  and  mixed  with  hamburger. 

Some  adulterants  must  be  shown  on  the 
label  of  the  packaged  goods  you  buy.  Do  you 

1.  Why  are  adulterants  used  in  foods? 

cheaper.  2.  Make  food  look  better. 


always  read  the  labels?  Can  you  tell  if  an 
adulterant  has  been  used? 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  486,  502,  681 
Chemistry  and  You.  pp.  570-572 
Chemistry  at  Work.  pp.  484-488 
Chemistry  in  Use.  pp.  520-529 
Dynamic  Chemistry,  pp.  637-688 
First  Year  of  Chemistry,  pp.  525-537 
Modern  Chemistry,  p.  738 
Modern  Everyday  Chemistry,  pp.  353-362 
New  Practical  Chemistry,  pp.  561-562 
New  World  of  Chemistry,  pp.  606,  633 

1.  Make  food 

Give  more  than  one  reason . . . . . . . 


2.  Do  the  statements  “artificial”  and  “imitation”  mean  that  a  food  has  been  adulterated? 

Yes  Explain  Both  terms  mean  that  pure  substance  is  not  used.  Artificial 
coloring  means  use  of  coal-tar  dyes.  Imitation  flavoring  means  use  of 

synthetic  flavoring  that  may  or  may  not  be  as  good  as  true  flavor. 


3.  Why  should  you  object  to  the  adulteration  of  food  if  the  adulterant  is  not  poisonous? 

Want  pure  food  without  adulterant  added  to  cheapen  f  9od  .91?. 

better  than  it  really  is .  . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Icecream.  Vanilla  extract.  Saturated  lead  acetate  solution.  Lemon  extract. 
Oleomargarine  or  renovated  butter.  Butter. 

apparatus  needed:  Graduate.  Balance.  Erlenmeyer  flask.  Evaporating  dish.  Ring  and  ring- 
stand.  Bunsen  burner. 


In  this  experiment  you  are  going  to  test  for 
a  few  of  the  adulterants  commonly  used.  It  is 
impossible  to  list  all  of  the  possible  adulterants 
or  to  test  for  all  of  them  in  this  experiment. 

a.  Air  in  ice  cream.  In  making  ice  cream,  air 
is  beaten  into  the  cream  mixture  to  improve 
the  texture.  An  excess  of  air  will  produce  an 
inferior  and  low-quality  product.  There  is  no 
standard  set  as  to  how  much  or  how  little  air 
should  be  present.  The  Federal  Government 
requires  that  all  of  the  ice  cream  it  buys 
should  weigh  at  least  nine  ounces  per  pint. 
That  kind  of  ice  cream  will  contain  fifty  per 
cent  air,  since  a  pint  of  ice  cream  without  any 
air  weighs  eighteen  ounces. 

Weigh  your  graduate  and  record  the  weight 
in  the  space  provided  at  the  end  of  the  experi¬ 


ment.  Be  sure  your  ice-cream  sample  is  frozen 
when  you  start  working  with  it.  Quickly  pack 
the  frozen  ice  cream  into  the  graduate  up  to 
the  25  ml  mark.  Be  sure  that  the  empty  spaces 
are  filled,  but  do  not  use  too  much  pressure  in 
packing. 

Weigh  your  graduate  with  the  ice  cream  and 
subtract  the  weight  of  the  graduate  from  this 
weight.  This  will  give  you  the  weight  of  25  ml 
of  ice  cream. 

25  ml  of  ice  cream  without  air  weigh  28 
grams.  Calculate  the  percentage  of  air  by 
using  the  following  formula: 

28 — weight  of  ice  cream 

-  X  100  =  %  of  air 

28 

Record  your  results  in  the  table. 


Weight  of  graduate 

Weight  of  ice  cream 

Weight  of  graduate  and  ice  cream 

Per  cent  of  air 

b.  Vanilla  extract.  Many  vanilla  extracts  con¬ 
tain  little  or  no  vanilla  but  are  made  up  of 
dilute  solutions  of  vanillin  and  coumarin,  both 
coal-tar  products.  These  extracts  are  often 
colored  with  caramel  or  with  a  coal-tar  dye. 

Place  5  ml  of  vanilla  extract  in  a  graduate 
and  add  5  ml  of  lead  acetate  solution.  Shake 
this  mixture  and  let  it  stand  for  about  ten 
minutes.  If  your  sample  is  pure  vanilla,  a  pre¬ 
cipitate  will  be  formed.  If  the  solution  remains 
clear,  you  have  evidence  that  the  extract  is 
artificial.  Record  your  results. 

c.  Lemon  extract.  Pure  lemon  extract  is  pre¬ 
pared  from  oil  of  lemon,  lemon  peel,  or  a  com¬ 
bination  of  the  two.  However,  imitation  lemon 
extract  is  sometimes  made  by  using  coal-tar 
flavorings  dissolved  in  alcohol. 

Place  50  ml  of  cold  water  in  an  Erlenmeyer 
flask  and  add  2  ml  of  lemon  extract  that  you 
are  testing.  Shake  the  mixture.  Oil  of  lemon 
is  not  soluble  in  water  and  will  therefore  give 


the  mixture  a  milky  appearance.  Alcohol  and 
coal-tar  flavorings  are  soluble.  The  absence  of 
a  milky  appearance  is  quite  definite  proof  that 
the  extract  is  imitation.  Record  your  results 
in  the  table. 

d.  Butter.  Renovated  butter  is  made  by  melt¬ 
ing  old,  rancid  butter,  drawing  off  the  curd, 
blowing  air  through  it,  and  then  rechurning  it 
with  milk  or  cream.  Oleomargarine  is  made 
from  vegetable  oils  and  animal  fats. 

Place  a  chunk  of  oleomargarine  or  reno¬ 
vated  butter  about  the  size  of  a  walnut  in  a 
clean  evaporating  dish  on  the  ring  of  a  ring- 
stand  and  heat  it  over  a  low  Bunsen  flame. 
Notice  how  much  sputtering  takes  place  and 
that  very  little  foam  is  produced. 

Now  treat  a  chunk  of  butter  in  the  same 
way.  Fresh  butter  will  melt  quietly  and  pro¬ 
duce  an  abundant  amount  of  foam.  Contrast 
this  with  the  melting  of  oleomargarine  or  reno¬ 
vated  butter. 


82 


NAME 


DATE 


PERIOD 


Test  a  sample  of  renovated  butter  or  butter 
of  doubtful  purity  in  this  manner.  Determine 


19 


RATING 


whether  or  not  it  is  fresh  or  renovated.  Record 
your  results  in  the  table. 


MATERIAL  TESTED 

IS  ADULTERANT  PRESENT? 

WHAT  PROVES  ADULTERATION? 

Vanilla  extract 

Lemon  extract 

Butter 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  air  have  on  the  texture  of  ice  cream?  - 

texture. 

2.  Explain  why  excessive  air  lowers  the  quality  of  ice  cream.  8. ° . 131llC^1. . .a^.r 

and  too  little  ice  cream  since  ice  cream  is  sold  by  volume. 


3. 


How  do  coal-tar  extracts  react  with  lead  acetate? 


Coal-tar  extracts  remain  clear 


in  solution  with  lead  acetate. 


4.  Why  does  oil  of  lemon  form  an  emulsion  in  water  while  imitation  lemon  does  not?  . 

and  water  will  not  mix.  Enulsion  formed.  Coal-tar  lemon  flavoring  dissolved 

in  alcohol  will  dissolve  in  water. 


,  n  *  jo  Almost  all  types,  especially  liquids 

5.  What  types  of  foods  are  easily  adulterated?  . 

and  semi -solids.  . 
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CONSUMER  APPLICATIONS 

Air  Is 

1.  Give  reasons  why  ice  cream  should  be  sold  by  weight  as  well  as  by  volume . 

adulterant  in  ice  cream.  Volume  is  not  fair  measure.  Weight  would  indicate 

how  much  ice  cream  was  actually  bought. 


2.  How  could  you  tell  whether  oil  of  cloves  or  oil  of  almond  were  genuine  or  artificial? 

lest  with  cold  water.  If  emulsion  forms,  genuine  oil  is  present.  If  solution 

remains  clear,  artificial  flavoring  used. 


3.  If  oleomargarine  can  be  used  in  place  of  butter,  what  would  be  wrong  with  blending  it 
with  butter  and  selling  it  as  butter? Subs  1:8,108  sold  aB  gutter  should  be  all  butter. 
Blending  would  deprive  buyer  of  his  money’s  worth. 


4.  Two  samples  of  ice  cream  contain  the  same  percentage  of  butterfat.  One  sells  for  18  cents 
per  pint  and  contains  60%  air;  the  other  sells  for  22  cents  per  pint  and  contains  40%  air.  Which 

is  the  “best  buy”?  22  cents  (UO*  air) .  ghow  aU  yQur  calculations  100*  -  60*=  40* 

ice  cream  100$  -  40$  —  60$  ice  cream  18  cents  4  .40—45  cents  for  ice  cream 

in  pint  without  air  cents  7  .60  -  56  cents  for  ice  cream  In  pint  without 

air 

5.  What  can  you  do  to  avoid  buying  adulterated  foods?  .T?.8^ . .^P0^.8 . . * 

Read  labels.  See  that  pure  food  laws  are  enforced. 


6.  Ice  cream  without  air  weighs  18  ounces  per  pint.  Make  up  a  quick  way  of  calculating  the 

percentage  of  air  present  in  any  package  of  ice  cream.  . . . °.^ . j?_ ^n^8. ,.X . . ~ . .  Y8  f 
of  ice  cream  )  7  (number  of  pints  x  18)  x  100-  $  of  air  in  package. 
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—  UNIT 

5 


Drinks 


What  do  you  drink?  Do  you  drink  it  because  you  like  it,  because  you  need  it,  or 
because  it  is  good  for  you?  Or  are  you  fortunate  enough  to  have  selected  a  drink  that 
includes  all  of  these  reasons? 

No  matter  what  drinks  you  like,  you  will  find  that  they  have  more  water  in  them  than 
anything  else.  Even  those  drinks  that  are  labeled  “dry”  contain  water.  The  “dry”  in  this 
case  refers  to  the  absence  of  sugar.  Water,  of  course,  is  a  solvent  and  is  necessary  for  the 
body.  But  do  you  drink  pop  and  colas  or  coffee  and  tea  just  because  they  contain  water  or 
because  you  like  their  flavor? 

Some  drinks,  especially  milk  and  fruit  juices,  are  rich  in  minerals  and  vitamins.  They 
are  body  builders  and  essential  foods.  The  mild  acids  present  in  fruit  and  vegetable  juices 
also  help  stimulate  digestion,  an  important  factor  in  your  health. 

However,  many  drinks  are  only  luxuries.  Their  chief  value  is  in  the  pleasure  they  give 
when  you  pour  them  down.  They  are  not  really  harmful  unless  they  are  used  excessively 
or  unless  they  contain  a  harmful  ingredient.  Yet  there  can  be  quite  a  difference  in  the 
quality  of  the  materials  blended  or  mixed  into  many  of  the  popular  drinks.  Wouldn’t  you 
like  to  know  exactly  what  you  are  paying  for  and  what  you  are  drinking? 

In  this  unit  you  will  work  with  milk,  cocoa,  chocolate  milk,  chocolate  drink,  coffee,  tea, 
and  soft  drinks.  You  will  learn  that  some  drinks  contain  harmful  drugs  or  have  little  if  any 
food  value.  Yet  many  people  seem  to  be  almost  slaves  to  such  drinks  either  for  the  “lift” 
they  give  or  the  pleasant  flavor  they  have.  Even  a  drink  that  does  you  no  serious  harm  may 
do  you  no  good  if  it  decreases  your  appetite  for  the  foods  your  body  needs. 
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USING  A  FUNNEL  AND  FILTER  PAPER 


Many  times  in  your  chemistry  work  you  will 
have  to  filter  to  remove  undissolved  solids 
from  liquids  by  using  a  glass  funnel  and  filter 


paper.  Set  up  your  funnel  as  shown  in  the 
diagram  or  put  the  funnel  through  a  ring  of 
your  ringstand. 


Fold  a  filter  paper  in  two  as  shown  in  Steps 
1  and  2.  Then  fold  it  into  fourths  as  shown  in 
Step  3.  Now  open  out  the  folds  into  a  little 
cone  as  shown  in  Step  4.  You  will  have  three 
thicknesses  of  paper  on  one  side  and  only  one 
on  the  other. 

Put  the  cone  in  the  glass  funnel.  If  the  paper 
was  folded  properly,  the  cone  will  fit  snugly. 
Add  a  drop  of  water  to  the  paper  to  make  it 
stick  to  the  glass  better.  You  are  now  ready 
to  filter. 

Pour  the  liquid  into  the  paper  cone  in  the 
funnel.  Do  not  pour  so  fast  that  the  cone  fills 
up,  letting  liquid  run  over  the  edge  of  the  paper 
and  down  the  inside  of  the  glass.  Any  liquid 
that  does  this  will  not  be  filtered. 

Use  a  glass  stirring  rod  to  keep  the  solid 
particles  from  settling  to  the  bottom  of  the 
filter  paper  and  slowing  up  the  flow  of  liquid 
through  the  paper. 
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SUGGESTIONS  FOR  TEACHING  UNIT  5 


During  the  past  decade  the  consumption  of 
drinks  has  increased  greatly.  This  unit,  therefore, 
serves  a  double  purpose.  First,  it  introduces  the 
scientific  principles  of  separating  solutions,  the  ef¬ 
fect  of  different  solvents  on  dissolved  substances, 
and  the  precipitation  of  solids  dissolved  in  solu¬ 
tions.  Second,  it  acquaints  the  student  with  the 
composition  of  the  drinks  he  is  going  to  meet  the 
rest  of  his  life. 

OBJECTIVES  OF  THE  UNIT 

1.  To  understand  the  comparative  food  values 
of  different  drinks  (Exp.  20.  21,  22.  23,  24,  25) . 

2.  To  judge  the  quality  of  milk  (Exp.  20). 

3.  To  become  acquainted  with  the  dehydrating 
action  of  concentrated  sulfuric  acid  (Exp.  20,  22) . 

4.  To  find  out  the  difference  between  chocolate 
drink  and  chocolate  milk  (Exp.  22) . 

5.  To  learn  how  solvents,  such  as  chloroform 
and  alcohol,  may  be  used  to  remove  and  separate 
soluble  materials  from  water  (Exp.  23.  25) . 

6.  To  find  out  how  cocoa,  coffee,  and  tea  are 
graded  (Exp.  21,  23.  24). 

7.  To  learn  the  ingredients  in  various  soft 
drinks  (Exp.  25) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  Liquids  of  varying  densities  may  be  sepa¬ 
rated  by  centrifuging  (Exp.  20.  22) . 

2.  Sulfuric  acid  serves  as  a  dehvdrating  agent 
(Exp.  20,  22) . 

3.  All  combustible  substances  may  be  removed 
from  a  material  by  burning  (Exp.  21) . 

4.  Water-soluble  materials  may  be  separated 
from  insoluble  materials  by  filtering  (Exp.  24). 

5.  Solids  of  varying  densities  may  be  separated 
by  flotation  (Exp.  23) . 

6.  A  solid,  soluble  in  either  of  two  immiscible 
liquids,  will  dissolve  and  remain  in  the  liquid  in 
which  it  is  more  soluble  (Exp.  23.  25) . 

7.  Dyes  are  easily  absorbed  by  wool  (Exp.  25) . 

8.  Coal-tar  dyes  are  more  stable  than  vegeta¬ 
ble  dyes  (Exp.  25) . 

HINTS  TO  THE  TEACHER 

Experiment  20.  Use  two  different  brands  of 
milk  for  this  experiment.  You  will  find  it  easier 
to  check  results  if  the  entire  class  uses  only  two 
samples.  However,  if  your  school  is  located  in  a 
dairy  community',  the  students  may  wish  to  test 
the  butterfat  yield  of  individual  cows  or  to  check 
the  milk  used  in  their  own  homes.  This  is  practical 
work  and  should  be  encouraged.  In  either  case, 
stress  the  importance  of  thoroughly  mixing  the 
milk  before  the  sample  is  drawn  off  for  testing. 


Check  the  appearance  of  the  fat  column  when 
the  readings  are  being  made  on  the  Babcock 
bottles.  If  there  are  any  dark  chunks  present 
(caused  by  adding  sulfuric  acid  too  rapidly  and 
without  shaking) ,  have  the  student  repeat  the 
test.  Be  sure  that  the  two  results  of  the  same  milk 
sample  check  as  recommended  in  the  book. 

Experiment  21.  This  experiment  offers  the  stu¬ 
dent  an  opportunity  to  investigate  retail  prices. 
While  the  samples  of  cocoa  are  being  heated  to 
ashes  in  the  crucibles,  the  students  may  proceed 
with  other  experiments  in  the  unit.  Be  sure  that 
all  burnable  material  has  been  removed  before 
the  final  weighing  is  made. 

Experiment  22.  This  experiment  brings  out  the 
difference  between  chocolate  milk  and  chocolate 
drink.  Although  it  is  perfectly  legitimate  for  a 
dairy'  to  dispose  of  its  skim  milk  in  chocolate 
drink,  the  buyer  should  know  exactly  what  he  is 
paying  for  and  what  he  is  getting. 

Experiment  23.  In  testing  adulterants  in  coffee, 
do  not  permit  the  students  to  let  the  beakers 
stand  for  a  long  time.  Ground  coffee  will  become 
water-soaked  and  eventually  will  sink.  This  will 
give  the  wrong  conclusion.  It  is  advisable  to  save 
one  or  two  watch  glasses  with  the  caffeine  crystals 
for  comparison  with  the  results  of  Experiment  25. 

Experiment  24.  Quite  a  bit  of  time  and  hot 
water  are  needed  to  remove  all  the  soluble  mat¬ 
ter  in  tea  leaves.  It  is  advisable  to  stress  this  fact 
because  by  approaching  the  saturation  point  bet¬ 
ter  results  can  be  obtained  if  ten  10-ml  portions 
of  hot  water  rather  than  one  100-ml  portion  are 
used  in  removing  the  soluble  matter.  If  equip¬ 
ment  is  available,  the  students  should  proceed 
with  Experiment  25  while  the  filtering  and  drying 
processes  are  going  on. 

Experiment  25.  This  experiment  clearly  shows 
the  benefits  which  the  human  body  derives  from 
the  different  kinds  of  soft  drinks  and  fruit  drinks 
on  the  market.  It  is  possible  to  use  the  same 
woolen  cloth  for  the  second  dyeing,  although  this 
is  not  recommended.  The  students  may  draw  the 
erroneous  conclusions  that  through  some  magic 
of  chemistry  the  color  has  merely  been  hidden. 
Compare  the  caffeine  crystals  obtained  from  the 
colas  with  those  obtained  from  coffee  in  Experi¬ 
ment  23. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

440  ml  sulfuric  acid,  concentrated 
40  ml  hydrochloric  acid,  dilute 
40  ml  hydrochloric  acid,  concentrated 
80  ml  butyl  alcohol 


86a 


300  ml  ethyl  alcohol,  denatured 
300  ml  chloroform 

25  ml  ammonium  hydroxide,  concentrated 
2  pints  milk  (2  brands) 

1  pint  chocolate  drink 
1  pint  chocolate  rnilk 
%  lb.  cocoa  (3  kinds) 

1  lb.  coffee  (4  brands,  one  caffeine-less) 

6  oz.  tea  (3  kinds) 

4  bottles  soft  drinks  (one  carbonated,  one  un¬ 
carbonated,  one  cola,  and  one  fruit  juice) 

2  bars  soap  or  1  box  soap  flakes 
V\  yd.  white  woolen  cloth 

litmus  paper  (blue) 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

2  Babcock  centrifuges  (one  will  do) 

10  Babcock  milk-testing  bottles 

5  milk  pipettes,  17.6  ml 
1  balance 

10  150-ml  beakers 
5  250-ml  beakers 
5  400-ml  beakers 
5  pans  for  water  bath 
5  Bunsen  burners 
15  crucibles 

5  triangles  (clay  or  pipestem) 

5  dividers 
5  1-ml  pipettes 
filter  paper 

5  funnels,  pinch  clamps,  glass  tips,  and  pieces 
of  rubber  tubing  (or  separatory  funnels) 

5  10-ml  or  25-ml  graduates 
5  rings  and  ringstands 
5  wooden  spoons 
1  electric  oven  (optional) 

5  thermometers,  from  — 10°  to  110°  C. 

20  watch-glasses 
5  wire  gauzes 


SUGGESTED  PROJECTS 

1.  Determining  the  amount  of  acid  in  different 
samples  of  milk. 

2.  Determining  the  amount  of  cocoa-fat  in 
cocoa  and  chocolate. 

3.  Testing  for  the  presence  of  coal-tar  dyes  in 
different  brands  of  gelatin  desserts. 

4.  Identifying  the  sweetening  agent  in  differ¬ 
ent  soft  drinks. 

5.  Crystallizing  theine  from  tea. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  Why  is  milk  such  a  valuable  drink? 

2.  Should  your  community  regulate  the  stand¬ 
ards  of  the  milk  sold  there? 

3.  What  characteristics  should  you  look  for  in 
selecting  milk? 

4.  Why  do  some  cocoas  sell  for  fifty  cents  a 
pound  and  others  for  ten  cents  a  pound? 

5.  What  qualities  are  important  in  selecting 
and  buying  cocoa? 

6.  Is  there  any  difference  between  chocolate 
milk  and  chocolate  drink? 

7.  How  can  pure  coffee  be  distinguished  from 
adulterated  coffee? 

8.  Should  coffee  be  pressure-packed  or  vacu¬ 
um-packed? 

9.  Why  should  children  avoid  drinking  coffee 
and  tea? 

10.  How  can  the  names  of  types  of  tea  help  you 
in  buying  tea? 

11.  What  kind  of  soft  drinks  are  the  most 
harmful? 

12.  What  harmful  ingredients  may  be  used  in 
making  soft  drinks? 
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DATE  PERIOD  RATING 


Experiment  20 


How  much  butterfat  is  there  in  the  milk  you  drink? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Do  you  know  why  milk  is  such  a  valuable 
drink?  Why  is  it  included  in  so  many  health 
diets?  Why  should  every  growing  person 
drink  at  least  a  quart  of  milk  a  day?  You  may 
know  that  milk  contains  vitamins,  sugar,  min¬ 
erals,  and  fat,  all  of  which  can  be  easily  assimi¬ 
lated  by  the  body.  But  are  all  brands  of  milk 
alike? 

The  amount  of  each  kind  of  food  in  milk 
will  vary,  depending  on  the  kind  of  cow  and 
on  the  kind  and  amount  of  feed  the  cow  gets. 
But  the  greatest  variation  in  milk  will  appear 
in  the  amount  of  butterfat  present.  Even  the 
same  cow  does  not  give  the  same  percentage  of 
butterfat  at  each  milking. 

Generally  speaking,  the  percentage  of  fat  in 
whole-milk  samples  will  run  from  2%,  which 
is  very  low  and  unacceptable,  to  8%  which  is 
exceptionally  high.  The  United  States  De¬ 
partment  of  Agriculture  has  set  a  minimum 
standard  of  3.25%  for  commercial  milk.  Indi¬ 
vidual  State  and  city  requirements  vary  some¬ 


what  from  this,  but  4%  is  about  the  highest 
minimum  requirement. 

Milk  is  often  sold  in  tin  cans  labeled  evapo¬ 
rated  milk  or  condensed  milk.  In  both  of  these 
some  of  the  water  is  removed  from  the  milk, 
but  the  fat  and  minerals  are  of  course  re¬ 
tained.  Condensed  milk  is  sweetened;  evapo¬ 
rated  milk  is  not. 

Visit  your  local  dairy  or  talk  to  the  health 
officials  before  answering  the  following  ques¬ 
tions.  Also  refer  to  your  chemistry  book. 
Chemistry  and  You.  pp.  287,  496 
Chemistry  at  Work.  pp.  418,  458 
Chemistry  for  Secondary  Schools,  pp.  191, 

350,  358-359,  364 
Chemistry  in  Use.  pp.  464-470 
First  Book  in  Chemistry,  pp.  331,  550 
Modern  Chemistry,  pp.  709,  729 
Modern  Everyday  Chemistry,  pp.  329,  351 
Modern-Life  Chemistry,  pp.  300,  669,  674 
New  Practical  Chemistry,  pp.  466-467 
New  World  of  Chemistry,  pp.  334,  610 


1.  Who  determines  the  milk  standards  in  your  community? 

authorities  . . . 


2.  What  regulations  as  to  percentage  of  butterfat  are  enforced  in  your  community? 

(Answers  will  vary.  Consult  local  authorities. ) 

3.  Give  the  minimum  standard  required  for  butterfat  in  your  State.  .(Y. . )- . 

4.  List  some  other  factors  besides  percentage  of  butterfat  that  should  be  considered  in  select- 

Mi n*^ra I vitamins.  sugar*  bacteria  count*  nearness  to  souring  point* 
ing  milk . . . 

sanitary  conditions  of*  production*  transportation*  bottling*  and  distribution* 
tuberculosis  in  cows,  price,  convenience  of  container,  etc . . 
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5.  Why  should  there  be  laws  requiring  the  inspection  of  all  dairy  herds? 

free  from  tuberculosis  and  typhoid  germs.  Improve  sanitary  conditions. 

6.  What  is  pasteurized  milk?  Milk  heated  to  65°  C .  (I't?0  F. )  for  40  mlnutee  to 
kill  bacteria. 

7  What  is  certified  milk?  Unpasteurized  raw  milk  with  very  low  bacteria  count. 
Herd  and  production  conditions  checked  regularly  by  authorities. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Two  different  brands  of  milk.  Concentrated  sulfuric  acid. 

apparatus  needed:  Babcock  centrifuge.  Two  Babcock  milk-testing  bottles.  17.6  ml  pipette. 

Graduate.  400  ml  beaker  or  pan.  Ring  and  ringstand.  Wire  gauze.  Bunsen  burner.  Dividers. 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  actual  percentage  of  butterfat  in  the 
milk  you  are  testing.  You  will  do  this  by  us¬ 
ing  concentrated  sulfuric  acid  to  liberate  the 
fat  and  then  using  a  centrifuge  to  float  and  col¬ 
lect  it.  In  order  to  make  a  fair  test,  be  sure  to 
mix  each  sample  of  milk  thoroughly  before 
you  start  to  measure.  Do  this  by  either  shak¬ 
ing  the  bottle  or  by  pouring  the  milk  two  or 
three  times  from  one  beaker  to  another.  For 
good  results  this  is  very  important. 


After  the  samples  have  been  mixed,  use  a 
milk  pipette  and  draw  out  exactly  17.6  ml  of 
one  sample  and  place  it  in  a  Babcock  milk  bot¬ 
tle.  Number  or  label  the  bottle  to  correspond 
with  your  sample  so  that  you  can  identify  it 
later.  Then  measure  out  14  ml  of  concentrated 
sulfuric  acid  into  your  graduate.  Add  1  or  2 
ml  of  this  acid  to  the  milk  in  the  Babcock  bot¬ 


tle.  Incline  the  bottle  and  rotate  it  so  that  the 
acid  will  run  in  slowly  and  wash  all  of  the 
milk  out  of  the  neck.  Shake  the  bottle  with  a 
rotary  motion.  Keep  on  adding  acid,  1  or  2 
ml  at  a  time,  shaking  after  each  addition  until 
the  milk  has  a  dark  chocolate  color.  If  after 
adding  all  the  acid,  the  mixture  is  still  light 
in  color,  add  still  more  acid. 

Prepare  a  second  sample  of  the  same  milk 
in  the  same  manner.  You  will  make  two  tests 
on  each  brand  of  milk  to  check  your  own 
work.  Start  heating  about  200  ml  of  water  in 
your  400  ml  beaker  or  pan  so  that  it  will  be 
hot  for  later  use.  Set  the  beaker  on  a  piece  of 
wire  gauze  on  the  ring  of  your  ringstand. 

Place  your  two  Babcock  bottles  in  opposite 
cups  of  the  centrifuge  and  rotate  for  five  min¬ 
utes.  When  the  water  in  the  beaker  or  pan  is 
boiling,  remove  it  from  the  ringstand  and  place 
your  bottles  in  it.  Using  a  pipette,  add  enough 
hot  water  to  bring  the  liquid  level  to  the  bot¬ 
tom  of  the  neck  of  each  bottle.  Return  the  bot¬ 
tles  to  the  centrifuge  and  rotate  for  two  more 
minutes.  Now  carefully  add  enough  hot  water 
with  the  pipette  so  that  most  of  the  neck  is  full 
of  liquid.  Do  not  add  so  much  water  that  your 
bottles  will  overflow. 

Centrifuge  for  another  minute.  All  of  the 
fat  will  now  be  in  the  neck  of  the  bottle.  Since 
the  Babcock  bottles  are  marked  directly  in  per 
cent,  you  need  only  find  the  actual  height  of 
the  fat  column  to  get  the  actual  per  cent.  A 
pair  of  dividers  will  help  you  to  make  this 
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reading.  Subtract  the  number  at  the  top  of  the 
fat  column  from  the  number  at  the  bottom  to 
get  your  result.  Record  all  your  results  in  the 
table. 

If  the  percentage  of  fat  in  a  brand  tested  is 
not  the  same  in  both  bottles,  an  error  has  been 
made  in  the  test.  Repeat  the  test  until  the  re- 


20 

RATING 

suits  check  exactly.  If  black  particles  appear 
in  the  fat  column,  the  acid  was  added  rapidly 
and  without  enough  shaking.  The  test  should 
be  repeated. 

Now  repeat  the  test  with  the  other  brand  of 
milk  and  record  your  results.  Be  sure  to  clean 
your  apparatus  thoroughly. 


BRAND  OF  MILK  TESTED 

PERCENTAGE  OF  BUTTERFAT 

SAMPLE  I 

SAMPLE  2 

CONCLUSIONS  FROM  THE  EXPERIMENT 

Wii0  n 

1.  Why  should  the  milk  be  thoroughly  mixed  and  two  samples  used  for  each  test?  _ 

milk  stands,  butterfat  comes  to  top.  Thorough  mixing  gives  uniform  sample. 

Two  samples  are  used  to  check  work  of  operator. 


2.  What  substances  in  the  milk  produce  the  chocolate-brown  color  when  sulphuric  acid  is 

, ,  Carbon  from  milk  sugar  and  milk  curd  (casein).  Dehydrated  by  sulfuric 
added?  . — . 

acid. 

3.  Why  should  the  Babcock  bottles  be  placed  in  hot  water?  . 1  ^ .  ®.°  . . . 

that  it  can  be  separated  from  rest  of  mixture. 


Bdon 

4.  If  cold  water  had  been  added,  how  might  the  butterfat  have  been  affected?  . 

changed  to  solid.  Hard  to  read  results.  All  of  butterfat  might  not  rise  in¬ 
to  neck  of  bottle. 
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CONSUMER  APPLICATIONS 

1.  What  is  the  advantage  in  buying  a  quart  of  4%  milk  rather  than  3 milk  if  there  is  no 

i  n  o  H  milk  will  contain  more  butterfat  for  same  amount  of 

price  dinerence:  . . . . 

money. 


2.  How  would  you  find  the  percentage  of  butterfat  in  the  milk  you  use  at  home? 


Test 


milk  or  have  it  tested  by  health  department. 


3.  What  characteristics  should  you  look  for  in  selecting  milk? 

pasteurization,  low  acid  content,  low  bacteria  count,  low  price. 
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Experiment  21 

How  can  you  determine  the  purity  of  cocoa? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  do  some  cocoas  sell  for  fifty  cents  a 
pound  and  others  for  ten  cents  a  pound?  Is 
there  any  difference  in  their  flavor  or  in  their 
food  value? 

Cocoa  is  used  to  prepare  and  flavor  drinks. 
Although  it  contains  carbohydrates,  proteins, 
and  minerals,  the  real  food  value  comes 
mainly  from  the  amount  of  cocoa-fat  present. 
Cocoa  and  chocolate  are  both  made  from 
ground  and  roasted  cacao  beans,  but  cocoa 
contains  less  fat  than  chocolate.  It  is  sold  in 
powdered  form  while  chocolate  is  sold  in  solid 
bars  or  liquid  syrups. 

There  are  three  different  types  of  cocoa  on 
the  market.  Most  expensive  of  these  are  the 
Dutch  Process  cocoas.  They  are  prepared  by 


treating  the  raw  cacao  bean  with  an  alkali. 
In  this  process  a  chemical  reaction  takes  place 
which  increases  the  smoothness  of  the  cocoa 
for  drinking  and  also  changes  the  color  and 
the  flavor.  The  fat  content  of  Dutch  Process 
must  be  at  least  22  %  to  comply  with  the  speci¬ 
fications  of  the  Federal  government. 

Another  kind,  called  breakfast  cocoa,  has 
the  same  fat  requirements  as  the  Dutch  Proc¬ 
ess;  but  because  it  is  not  subjected  to  alkali 
treatment,  it  is  less  expensive.  General-pur¬ 
pose  cocoa  is  not  subject  to  Federal  regula¬ 
tions.  Its  cocoa-fat  content  may  run  as  low 
as  10%. 

Before  doing  the  experiment,  answer  the 
following  questions. 


1.  What  natural  ingredients  in  cocoa  have  food  value? 


2.  Cocoa  may  be  made  into  a  drink  by  dissolving  it  in  water  or  in  milk.  Which  would  be  the 

i  t i  r  i  j  •  i  o  Milk  ttti  9  Milk  contains  additional  foods  (but- 

more  healthful  drink?  .  . .  Why?  . \ . 

ter-fat,  milk  sugar,  minerals)  as  well  as  vitamins. 


3.  Obtain  the  retail  price  per  pound  of  three  or  more  brands  of  each  of  the  types  of  cocoa. 
Average  the  cost  of  the  brands  of  each  type  and  compare  them.  Are  they  priced  correctly? 

yfa  (Answers  will  vary. ) 


Average  cost  of  Dutch  Process . 

Average  cost  of  Breakfast . 

Average  cost  of  General  Purpose . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Three  brands  of  cocoa:  one  Dutch  Process,  one  breakfast,  and  one  general- 
purpose. 

apparatus  needed:  Three  crucibles.  Clay  triangle.  Balance.  Ring  and  ringstand.  Bunsen 
burner. 


In  this  experiment  you  are  going  to  com¬ 
pare  different  brands  of  cocoa  by  determining 
and  calculating  the  percentage  of  ash  found  in 
each  sample.  The  ash  in  cocoa  is  composed 
of  minerals.  But  since  the  cocoa-fat  content 
largely  determines  the  food  value  of  cocoa,  too 
high  a  percentage  of  minerals  is  considered 
undesirable.  A  good  brand  of  cocoa  does  not 
contain  over  5.5%  ash. 

Clean  and  dry  three  crucibles.  Then  mark 
them  so  that  you  can  recognize  them.  Weigh 
each  crucible  and  record  its  weight  in  the 
table.  Add  approximately  2  grams  of  one  of 
the  brands  to  be  tested  to  one  of  the  crucibles. 
Then  weigh  the  crucible  and  cocoa  together 
and  record  the  weight.  Place  the  crucible  on 
the  clay  triangle  and  heat  with  a  Bunsen 
flame.  Do  this  with  a  low  heat  until  all  the 


volatile  matter  has  been  driven  out  and  only 
a  fine  ash  remains. 

While  this  crucible  is  heating,  weigh  out  a 
sample  of  a  second  brand  of  cocoa.  Follow  the 
same  procedure  as  before,  being  sure  to  record 
all  your  weights  in  the  table. 

As  soon  as  your  first  sample  has  been  com¬ 
pletely  reduced  to  ash,  cool  the  crucible  and 
weigh  it.  Again  record  the  weight.  Then  heat 
the  second  sample  of  cocoa. 

While  this  is  heating,  weigh  your  third 
brand  of  cocoa  in  the  third  crucible.  Proceed 
with  these  as  you  did  with  the  first. 

After  you  have  obtained  all  the  weights,  de¬ 
termine  the  percentage  of  ash  in  each  of  the 
samples  by  dividing  the  weight  of  ash  remain¬ 
ing  by  the  original  weight  of  cocoa  and  multi¬ 
plying  by  100. 


KIND  OF  COCOA 

DUTCH  PROCESS 

BREAKFAST 

GENERAL  PURPOSE 

1.  Weight  of  crucible 

2.  Weight  of  crucible  and  cocoa 

3.  Weight  of  cocoa  (No.  2  minus 
No.  1) 

4.  Weight  of  crucible  and  ash  after 
heating 

5.  Weight  of  ash  (No.  4  minus 
No.  1) 

6.  Per  cent  of  ash  (No.  5  divided 
by  No.  3  and  multiplied  by  100) 

CONCLUSIONS  FROM  THE  EXPERIMENT 


1. 


What  happens  to  cocoa-fat  when  it  is  heated? 


Low  temperature  will  melt  it. 


High  temperature  will  decompose  it  into  carbon  dioxide  and  water. 


92 


NAME 


DATE 


PERIOD 


21 

RATING 

2.  On  the  basis  of  the  amounts  of  ash  you  found,  which  type  of  cocoa  is  (a)  purest? . 

(Answers  will  vary.  ) 

b )  Next  purest? . 

c)  Least  pure?  . 

3.  Why  does  a  high  percentage  of  ash  lower  the  quality  of  cocoa?  . . .°^ . . 9?_9?.7. 

fat  lowered  by  high  ash  content. 


4.  What  materials  are  present  in  the  ash? 


1. 


CONSUMER  APPLICATIONS 
What  qualities  are  important  in  selecting  and  buying  cocoa? 


High  cocoa -fat  content. 


low  ash  content,  sanitary  conditions  of  manufacture,  low  price,  etc. 


2  If  general-purpose  cocoa  sells  for  15  cents  per  pound  and  contains  10  /o  cocoa-fat,  and 
breakfast  cocoa  sells  for  28  cents  per  pound  and  contains  25%  cocoa-fat,  which  would  be  your 

“best  buy”?  ®rea^as^  coc.oa  ~B~.-  Show  your  calculations.  . 

$1.50  per  lb.  for  cocoa-fat.  28  cents  7  .25=  $1.12  per  lb.  for  cocoa-fat. 
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3.  Refer  to  your  answers  to  question  3  in  Preparing  Yourself  for  the  Experiment.  Assume 
that  general-purpose  cocoa  contains  12%  cocoa-fat,  breakfast  cocoa  22%,  and  Dutch  Process 

cocoa  24%.  Determine  which  is  the  “best  buy.”  .  Show  your 

calculations  (Answers  will  depend  on  answers  to  question  3  mentioned  above.) 
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Experiment  22 

How  much  butterfat  is  there  in  chocolate  millc  and 

chocolate  drink? 


PREPARING  YOURSELF 

What  is  the  difference  between  chocolate 
milk  and  chocolate  drink?  You  have  all  prob¬ 
ably  seen  mixtures  of  chocolate  and  milk  sold 
in  milk  bottles.  Maybe  you  have  also  heard  of 
people  who  feel  they  cannot  drink  milk  unless 
it  is  mixed  with  chocolate.  There  certainly  is 
nothing  wrong  with  a  drink  like  that.  A  mix¬ 
ture  of  chocolate  and  milk  is  very  nourishing, 
for  both  chocolate  and  milk  contain  fat  and 
minerals. 

As  you  learned  in  Experiment  21,  chocolate 
contains  more  fat  than  cocoa.  It  is  sold  in  solid 
bars  or  liquid  syrups.  Since  pure  chocolate 
tastes  bitter,  it  is  usually  sweetened  in  drinks 
or  candy. 


FOR  THE  EXPERIMENT 

Before  doing  the  experiment,  answer  these 
questions.  Use  your  chemistry  book  as  a  ref¬ 
erence.  Also  read  over  Experiments  20  and 
21  to  refresh  your  memory. 

Chemistry  and  You.  p.  287 
Chemistry  at  Work.  pp.  418,  458 
Chemistry  for  Secondary  Schools,  pp.  191, 
350,  358-359,  364 
Chemistry  in  Use.  p.  464 
First  Book  in  Chemistry,  pp.  331,  550 
Modern  Chemistry,  p.  729 
Modern  Everyday  Chemistry,  pp.  329,  351 
Modern-Life  Chemistry,  pp.  300,  669,  674 
New  Practical  Chemistry,  pp.  466-467 
New  World  of  Chemistry,  p.  334 


1.  Which  drink  should  contain  more  food  value,  one  of  milk  or  one  of  chocolate  and  milk? 

Chocolate  and  milk  Why9  (^loco^a^e  contains  cocoa-fat.  Milk  contains 

butterfat,  sugar,  minerals,  vitamins. 


2.  List  as  many  reasons  as  you  can  for  mixing  chocolate  with  milk. 

Improves  taste,  makes  more  appealing  drink  for  children,  adds  food  value,  etc. 


3.  How  does  chocolate  difler  from  cocoa?  .Contains  higher  percentege  of  cocoa-fat. 
Usually  sold  in  bars  or  syrups  instead  of  powder. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  One  brand  of  chocolate  drink.  One  brand  of  chocolate  milk.  (If  no  brand 
of  chocolate  milk  is  available,  mix  one  teaspoonful  of  chocolate  syrup  in  a  glass  of  whole  milk. ) 
Concentrated  ammonium  hydroxide.  Butyl  alcohol.  Concentrated  sulfuric  acid. 
apparatus  needed:  Two  150  ml  beakers.  Pan.  Ring  and  ringstand.  Bunsen  burner.  Balance. 
Two  Babcock  bottles.  Pipette.  Graduate  or  1  ml  pipette.  Babcock  centrifuge.  Centigrade 
thermometer. 


In  this  experiment  you  are  going  to  com¬ 
pare  chocolate  drink  with  chocolate  milk  by 
determining  the  amount  of  butterfat  present  in 
each.  The  method  of  doing  this  is  very  similar 
to  the  one  you  used  in  finding  the  percentage 
of  butterfat  in  regular  milk,  but  because  of  the 
presence  of  cocoa-fat  in  the  chocolate,  a  few 
changes  must  be  made  in  the  procedure.  You 
will  use  weighed  instead  of  volume  samples. 

Thoroughly  shake  the  original  milk  contain¬ 
ers  so  that  the  samples  will  be  well  mixed. 
Label  one  beaker  “drink”  and  the  other 
“milk.”  Then  pour  about  40  ml  of  each  mixed 
sample  into  the  beaker  labeled  for  it. 

Warm  both  samples  by  placing  the  beakers 
in  a  pan  of  water  on  a  ring  and  ringstand. 
Heat  the  water  until  it  reaches  a  temperature 
around  80 °C.  Keep  this  water  hot;  you  will 
need  it  later. 

Place  a  Babcock  milk  bottle  on  a  balance 
and  determine  its  weight.  Now  using  a  pipette, 
add  exactly  18  grams  of  chocolate  milk  to  the 
bottle.  Weigh  another  Babcock  milk  bottle  in 
the  same  manner  and  add  18  grams  of  choco¬ 
late  milk  to  it.  By  having  two  samples  of  the 
same  milk  you  can  check  the  accuracy  of  your 
own  work. 

Using  either  a  1  ml  pipette  or  graduate,  add 
1  ml  of  concentrated  ammonium  hydroxide  to 
each  of  the  Babcock  bottles  and  mix  the  con¬ 
tents  well.  Next  add  4  ml  of  butyl  alcohol  to 
each  of  your  Babcock  bottles.  Hold  each  of 
the  bottles  in  an  inclined  position  and  very 


slowly  add  8  ml  of  concentrated  sulfuric  acid 
to  each  bottle.  Mix  the  sulfuric  acid  and  the 
milk  by  shaking  the  bottles  with  a  rotary 
motion. 

Place  the  bottles  in  opposite  cups  of  the 
Babcock  centrifuge  and  rotate  for  a  period  of 
five  minutes.  Remove  the  bottles  and  place 
them  in  the  pan  of  hot  water.  Then  with  a 
pipette  add  enough  hot  water  so  that  the  liquid 
level  reaches  the  bottom  of  the  bottle  neck. 
Return  the  bottles  to  the  centrifuge  and  rotate 
them  for  two  more  minutes.  Again  remove 
them  and  fill  the  neck  of  each  bottle  with  hot 
water.  Be  careful  that  you  do  not  add  so  much 
water  that  it  runs  over. 

Centrifuge  your  samples  for  another  min¬ 
ute  and  then  read  the  amount  of  butterfat 
present  in  each  sample  by  subtracting  the 
number  at  the  top  of  your  fat  column  from  the 
number  at  the  bottom  of  the  fat  column.  Re¬ 
cord  your  results  in  the  table. 

If  there  is  a  variation  of  more  than  0.3% 
between  the  two  samples  of  the  same  brand, 
you  have  been  careless  and  should  repeat  the 
experiment  until  your  results  check. 

Repeat  the  test  with  two  samples  of  choco¬ 
late  drink  and  record  your  results.  Average 
the  two  results  for  chocolate  milk  and  the  two 
for  chocolate  drink.  Record  the  averages  in 
the  table. 

Now  compare  your  results  in  this  experi¬ 
ment  with  those  in  Experiment  20.  Notice  any 
differences  in  the  results. 


SUBSTANCE  TESTED 

PERCENTAGE  OF  BUTTERFAT 

SAMPLE  I 

SAMPLE  2 

AVERAGE 

Chocolate  milk 

Chocolate  drink 
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CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  What  effect  does  sulfuric  acid  have  on  milk?  Dehydrates  milk  sugar  and  milk  curd 
(casein)  in  mixture.  Dark-colored  solution  due  to  free  carbon. 


2.  Why  are  some  chocolate  beverages  labeled  “drink”  rather  than  “milk”? 

high  enough  butterfat  content  to  meet  requirements  for  milk. 


3.  How  does  the  addition  of  chocolate  affect  the  mineral  content  of  milk? 

slightly. 

4.  In  Experiment  20  you  tested  two  different  brands  of  whole  milk,  while  in  this  experiment 
you  tested  chocolate  milk  and  chocolate  drink.  You  used  17.6  ml  samples  in  the  whole-milk  test 
and  18-gram  samples  here.  Tell  why  a  weighed  sample  is  used  in  testing  chocolate  milk  and 

drink  instead  of  the  volume  sample  used  in  testing  whole  milk. 

is  approximately  18  gm.  Amount  of  chocolate  added  to  drink  will  vary.  If 
volume  samples  were  used,  test  would  not  show  amount  of  butterfat  fairly. 


5.  Which  is  more  likely  to  be  used  in  chocolate  drink,  whole  milk  or  skim  milk?  . 

Why?  Chocolate  drink  does  not  need  to  meet  requirements  for  whole  milk. 

Skim  milk  is  cheaper.  (Dairle s  mue t  fi nd  outlet  for  milk  from,  whi ch  cream  has 
been  removed . ) 

CONSUMER  APPLICATIONS 

1.  Which  would  you  prefer  for  your  own  use,  chocolate  drink  or  chocolate  milk?  . 

Chocolate  milk  Why?  0618  food  value  of  whole  milk  p lue  food  value 

of  chocolate.  Must  meet  all  requirements  for  whole  milk. 
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2.  If  you  prefer  chocolate  milk  and  your  dairy  does  not  handle  it,  how  can  you  get  what  you 
want?  cocoa  or  ^©©tened  chocolate  syrup  to  whole  milk. 


3.  At  soda  fountains  milk  is  not  only  mixed  with  chocolate  and  other  flavorings,  but  ice 
cream  is  added  to  make  milk  shakes  and  malted  milks.  What  effect  does  the  addition  of  ice 

cream  have  on  the  butterfat  content  of  such  milk  drinks?  . 

Explain  Ice  cream  ma(i©  from  cream  has  high  butterfat  content  (about  1 6$). 
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Experiment  23 


How  can  you  tell  if  coffee  has  been  adulterated? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  can  you  select  good  coffee?  What  food 
value  can  you  expect  from  coffee? 

The  quality  of  a  cup  of  coffee  depends  on  the 
freshness,  roast,  and  blend  of  the  coffee  beans 
as  well  as  the  method  used  in  preparation. 

Coffee  flavor  deteriorates  very  rapidly  after 
the  beans  have  been  roasted  and  ground  unless 
the  coffee  is  kept  in  a  vacuum  tin.  In  the  roast¬ 
ing  process  the  sugar  in  the  coffee  bean  is 
changed  to  caramel  and  part  of  the  caffeine  is 
also  driven  off.  Caffeine  is  a  drug  that  stimu¬ 
lates  the  heart.  A  little  coffee  may  do  no  harm, 

1.  List  some  different  ways  of  preparing  a 


but  drinking  excessive  amounts  is  certainly 
harmful. 

Cheap  coffees  are  sometimes  adulterated  by 
adding  different  cereals,  such  as  beans,  peas, 
and  rice,  as  well  as  dried  roots,  such  as  dande¬ 
lion,  carrot,  and  chicory.  This  explains  why 
you  will  often  have  to  use  a  larger  amount  of 
adulterated  coffee  than  pure  coffee  to  get  the 
coffee  flavor  you  want.  Can  you  tell  if  coffee 
has  been  adulterated? 

Before  doing  the  experiment,  answer  the 
following  questions. 

,  (Answers  will  vary.  )  1. 

cup  ot  coffee.  .. . :. . . . 


Boiled  coffee.  2.  Percolator.  3.  Drip.  4.  Glass  coffee -maker  (Silex). 


None 

2.  What  food  value  would  you  get  from  a  cup  of  black  coffee?  . . . . 

3.  What  food  value  would  you  get  from  coffee  sweetened  with  sugar  and  diluted  with  cream? 

Food  value  from  carbohydrate  of  sugar  and  butterfat  of  cream. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Four  brands  of  ground  coffee,  one  of  which  should  be  a  caffeine-less  variety. 
Chloroform.  Ethyl  alcohol. 

apparatus  needed:  Four  beakers.  Spoon.  Bunsen  burner.  Ring  and  ringstand.  Separatory 
funnel  or  glass  funnel,  piece  of  rubber  tubing,  pinch  clamp  fastened  to  the  tubing,  and  glass  tip. 
(Read  Using  a  Separatory  Funnel  on  p.  60.)  Two  watch-glasses. 


a.  Testing  quality  of  coffee.  In  this  part  of  the 
experiment  you  are  going  to  see  whether  or 
not  any  cereals,  roots,  or  over-roasted  coffee 
beans  are  present  in  the  different  brands  you 
are  testing. 

Label  four  beakers  with  the  numbers  or 
brand  names  of  the  coffee  you  are  testing. 
Add  about  50  ml  of  cold  water  to  each  beaker. 
Sprinkle  a  spoonful  of  each  coffee  on  top  of 
the  water  in  the  beakers.  Stir  the  coffee 
slightly.  The  pure  coffee  will  float.  Cereals, 
roots,  and  over-roasted  coffee  will  sink  at  once. 


If  the  cold  water  becomes  brown  immediately, 
chicory  is  also  present  in  the  coffee.  Chicory 
is  readily  soluble  in  cold  water,  but  coffee 
is  not. 

Compare  the  amount  of  material  that  sank 
in  each  of  your  beakers.  Rate  the  coffees  as  1, 
2,  3,  or  4,  giving  the  one  with  the  least  amount 
of  material  sinking  number  1  and  so  on.  Re¬ 
cord  your  ratings  in  the  spaces  for  Conclusion 
1,  page  100.  Save  your  caffeine-less  coffee  and 
one  of  the  other  brands  for  the  next  part  of  the 
experiment. 
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b.  Testing  for  caffeine.  In  this  part  of  the  ex¬ 
periment  you  are  going  to  separate  caffeine 
from  coffee.  You  will  also  compare  the  amount 
of  caffeine  in  regular  coffee  "with  that  in  coffee 
advertised  as  having  the  caffeine  removed. 

Bring  the  coffee  in  your  beaker  to  boiling 
and  allow  it  to  boil  for  five  minutes.  Set  it 
aside  to  cool.  While  it  is  cooling,  start  heating 
the  beaker  containing  the  caffeine-less  coffee. 
Let  it  also  boil  five  minutes. 

When  the  coffee  in  the  first  beaker  has 
cooled,  pour  the  brown  coffee  solution  into  a 
separatory  funnel  and  add  10  ml  of  chloro¬ 
form.  Do  not  use  any  of  the  grounds.  Shake 
this  mixture  vigorously  for  about  a  minute. 


(If  you  use  the  funnel  and  pinch  clamp  ar¬ 
rangement,  shake  the  solution  in  a  flask  before 
pouring  it  into  the  funnel.)  Then  let  the 
chloroform  settle  and  draw  it  off  into  a  clean 
beaker.  Set  it  aside  to  evaporate.  Treat  your 
sample  of  caffeine-less  coffee  in  the  same 
manner. 

When  the  chloroform  has  evaporated,  add  10 
ml  of  ethyl  alcohol  to  each  beaker  to  dissolve 
the  caffeine.  Pour  out  the  alcohol  solutions 
on  two  clean  watch-glasses.  After  the  alcohol 
has  evaporated,  compare  the  residues  on  the 
watch-glasses.  A  white  sugary  crystal  is  the 
drug  caffeine.  Show  your  caffeine  samples  to 
your  instructor.  Approved  . 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Hate  your  brands  of  coffees  on  the  basis  of  actual  coffee  present  as  found  in  Part  a. 


1) 


(2) 


(3) 


(4) 


2. 


What  materials  are  used  to  adulterate  coffee? 


Cereals,  peas,  beans,  rice,  dried 


roots  such  as  chicory,  carrots,  dandelion,  etc. 


3.  Did  you  find  that  caffeine-less  coffee  contained  any  caffeine? 


CONSUMER  APPLICATIONS 

1.  Should  coffee  be  bought  for  home  use  in  one-  or  tico-pound  lots  or  in  five-  or  ten-pound 


.  ,  .  One  or  two 

lots? . . . . . 

flavors  soon  disappear. 


Why? 


After  coffee  is  roasted  and  ground,  volatile 


2.  What  objection  is  there  to  buying  adulterated  coffee? 

for:  true  coffee  flavor. 


3.  If  you  desire  coffee  flavor,  which  would  be  your  “best  buy,”  a  pound  of  coffee  containing 
2%  over-roasted  beans  and  cereals  costing  28  cents  per  pound  or  a  pound  of  coffee  containing 

10%  over-roasted  beans  and  cereals  costing  18  cents  per  pound?  Show  your 

calculations  “  2#  =  9&f>  pure  coffee  100$  -  10$  =  90$  pure  coffee  28  cents 

. 98~  28.6  cents  per  lb.  pure  coffee.  18  cents  «f  .90  —  20  cents  per  lb. 
pure  coffee . 
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Experiment  24 

How  can  you  test  the  quality  of  tea? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


If  you  are  a  tea  drinker,  how  can  you  judge 
the  quality  of  the  tea  you  are  going  to  buy? 
Here  again  the  labeling  is  going  to  help  you. 
Flowery  pekoe  is  made  from  the  young  leaves 
nearest  the  bud.  They  represent  the  highest 
quality  of  tea.  Next  comes  orange  pekoe  made 
from  the  leaves  right  below  the  youngest 
leaves.  Pekoe  is  made  from  the  third  set  of 
leaves.  Souchong  and  congou  are  made  from 
the  coarsest  leaves. 

Many  distributors  blend  these  different 
qualities  of  tea.  You  wTill  find  such  labels  as 
“flowery  pekoe  and  pekoe”  or  “orange  pekoe 
and  pekoe”  on  different  brands. 

In  making  black  tea  the  leaves  are  fer¬ 
mented  and  oxidized  before  being  “fired” 
(heated  gently  until  dried).  Green  tea,  on  the 


other  hand,  is  fired  as  soon  as  the  leaves  have 
been  withered  and  rolled.  Both  kinds  of  tea 
are  packed  and  shipped  from  the  Orient  in 
containers  lined  with  heavy  lead  foil,  which 
keeps  air  and  moisture  from  the  tea  and  pre¬ 
vents  chemical  changes  that  injure  its  value. 

Tea,  like  coffee,  contains  a  drug  called  the- 
ine,  which  is  the  same  as  caffeine.  The  “lift” 
that  tea  gives  you  is  due  to  this  drug.  Whether 
or  not  you  need  this  stimulation  is  doubtful 
and  depends  on  the  condition  of  your  heart. 

Tannin,  or  tannic  acid,  is  also  present  in  tea. 
This  substance  has  an  astringent  action  and 
may  cause  constipation  if  excessive  amounts 
of  tea  are  drunk. 

Before  doing  the  experiment,  answer  the 
following  questions. 


1.  Is  there  any  food  value  in  a  cup  of  tea  without  sugar  or  cream?  Why?  . . . 

soluble  materials  in  tea  are  theine  and  tannic  acid. 

2.  Some  people  drink  tea  instead  of  coffee  to  get  the  stimulating  effect  without  caffeine.  Do 

No  .  Theine  and  caffeine  are  the  same  drug, 

they  succeed  in  doing  so? .  Explain . - . 


EXPERIMENTING  TO  FIND  THE  FACTS 


MATERIALS  NEEDED: 

pekoe,  and  one  suchong  or  congou. 
apparatus  needed  :  400  ml  beaker. 

Filter  paper.  Funnel.  Electric  oven,  if  available. 

In  this  experiment  you  are  going  to  deter¬ 
mine  the  amount  of  tea  which  will  dissolve  in 
hot  wTater.  Any  brand  of  tea  which  does  not 
readily  dissolve  is  worthless  for  drinking.  In 
an  acceptable  tea  at  least  40  c  of  the  original 
weight  should  dissolve.  If  less  than  that 
amount  dissolves,  your  tea  contains  old  and 
spent  leaves. 

Start  heating  about  300  ml  of  water  in  your 
400  ml  beaker.  While  this  is  heating,  place 


one  flowery  pekoe  or  orange  pekoe,  one 
the  cost  per  pound  for  each  brand.) 
burner.  Ring  and  ringstand.  Wire  gauze. 

about  2  grams  of  one  of  your  brands  of  tea  on 
a  filter  paper  and  determine  its  exact  weight 
on  a  balance.  Record  the  weight  in  the  table. 

Place  a  piece  of  folded  filter  paper  in  your 
funnel  and  carefully  pour  the  weighed  tea 
sample  into  this  paper.  When  the  water  in 
your  beaker  is  boiling,  pour  about  10  ml  over 
the  tea  leaves.  Keep  on  pouring  hot  water,  in 
10  ml  portions,  over  these  tea  leaves  until  the 
filtrate  coming  through  the  funnel  is  clear. 
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Three  different  brands  of  tea: 

(Be  sure  to  get 
Balance.  Bunsen 


24 


Dry  the  leaves  regaining  on  the  niter  paper 
in  an  electric  oven  or  on  a  wire  gauze  sup¬ 
ported  on  the  ring  of  a  ring  stand  over  a  very 
low  flame.  Be  careful  no:  to  char  the  leaves  or 
the  paper.  After  they  are  dry.  reweigh.  While 


the  leaves  are  drying,  proceed  with  your  sec¬ 
ond  sample  of  tea  in  the  same  manner  as  the 
hrst.  Then  repeat  the  same  procedure  with 
your  third  sample.  Record  all  your  findings 
in  the  table. 


BKAXD  OF  TEA 

L  Weish:  of  sample 

2.  Weight  of  dried  leaves 

3.  Weight  of  soluble  portion  No.  2 
minus  No.  1 ) 

4.  Per  cent  of  soluble  material  No. 
3  divided  by  No.  1  and  multiplied 
by  100) 

5.  Cost  of  tea  per  pound 

6.  Cost  of  tea  available  for  drink- 
ins  No.  5  divided  by  No.  4 

CONCLUSION’S  FROM  THE  EXPERIMENT 
1.  What  type  of  tea  do  you  consider  the  "best  buy  from  the  results  of  this  experiment? 

(Answers  will  vary.  ) 


2.  Why  is  the  soluble  portion  of  tea  more  valuable  than  the  insoluble? 

in  ta&kfng  tea. 


Only  part  used 


CONSUMER  APPLICATIONS 

1.  What  effect  will  continuous  exposure  to  air.  as  in  tea  sold  in  bulk,  have  on  the  value  of 
Cause  tea  to  deteriorate  by  causing  chenical  changes  in  it. 


2.  How  can  you  use  the  names  of  types  of  tea  to  help  you  in  buying?  .®ea^: . .  ^a^>.0  ^  on . . 

peerage  .  yicvery  pekoe  ie  beet  grs-de,  orange  pekoe  next,  then  pekoe,  souchong, 

and  congou. 
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Experiment  25 

What  do  soft  drinks  contain? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“Cherry,  lemon,  lime,  strawberry,  cola, 
what‘11  you  have?-’  And  what  do  you  get? 
Thousands  of  barrels  of  water  are  poured 
down  our  throats  every  year  under  the  name 
of  ‘‘pop."  cola,  or  some  trade  name.  Are  these 
soft  drinks  valuable?  Or  are  they  harmful? 

Soft  drinks  are  those  which  contain  little  or 
no  alcohol.  They  are  usually  sweetened,  col¬ 
ored.  and  flavored..  Many  of  them  are  carbo¬ 
nated.  The  name  “pop''  was  originally  applied 
to  any  carbonated,  soft  drink  that  made  a  pop¬ 
ping  noise  when  the  bottle  was  opened.  Now 
uncarbonated  soft  drinks  are  often  called 
“pop.”  too.  Colas  are  soft  drinks  flavored  with 
the  extract  of  kola  nuts. 

Most  of  the  time  when  you  buy  strawberry’, 
raspberry,  or  any  other  flavored  ‘'pop.”  you 
can  feel  quite  certain  that  what  you  are  drink¬ 
ing  has  never  even  been  close  to  either  a  straw¬ 
berry  or  a  raspberry.  How  then  do  they  get 
their  color  and  flavor? 

Many  soft  drinks  are  artificially  flavored 
and  colored  with  synthetic  compounds  often 
made  from  coal  tar.  While  most  of  these  com¬ 
pounds  may  not  be  harmful  especially  if  taken 
only  in  small  amounts,  they  certainly  do  not 
add  any  food  value  to  the  drinks.  Another  syn- 

1.  What  makes  some  soft  drinks  "fizz”? 

bottle  is  opened  and  pressure  released. 


thetic  compound  sometimes  used  in  soft  drinks 
is  saccharin.  This  substance,  made  from  coal 
tar,  is  over  500  times  as  sweet  as  ordinary 
sugar  but  has  no  food  value  whatever.  In  fact, 
it  is  used  in  place  of  sugar  in  the  diets  of  peo¬ 
ple  who  must  not  eat  sugar  yet  like  some 
sweetening  in  their  food. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  462-463 
Chemistry  and  You.  pp.  570-571 
Chemistry  at  Work.  pp.  70,  148-153.  248.  487 
Chemistry  for  Secondary  Schools,  pp.  318. 

348-353,  478-479 
Chemistry  in  Use.  p.  256 
Dynamic  Chemistry,  pp.  630-633 
First  Book  in  Chemistry,  p.  282 
First  Principles  of  Chemistry,  p.  418 
First  Year  of  Chemistry,  pp.  328-331 
Modem  Chemistry,  pp.  104.  301 
Modern  Everyday  Chemistry,  pp.  387-390. 
402-403 

Modern-Life  Chemistry,  pp.  572.  611-612.  667, 
683 

New  Practical  Chemistry,  p.  562 
New  World  of  Chemistry,  p.  573 


Dissolved  carbon-dioxide  gas  escapes  when 


2.  What  is  the  chief  ingredient  of  all  soft  drinks'?  . — . - . 

3.  If  a  carbonated  drink  is  allowed  to  stand  uncorked  in  a  warm  place,  what  happens  to  its 

taste?  ^ecaaes  . . .  Show  the  reaction  in  an  equation. 

H^CO^  — y  HgO  *  COgT 

4.  Some  soft  drinks  do  not  contain  sugar  but  still  have  a  sweet  taste,  (a)  What  is  used  in 

place  of  sugar  for  sweetening?  . . - .  (hi  What  food  value  does  this  com¬ 
pound  have?  . . . - . - . - . - . - . 

5.  What  food  value  can  you  get  from  coal-tar  dyes?  . . . . . 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Four  different  types  of  soft  drinks,  one  carbonated  “pop,”  one  uncarbo¬ 
nated  “pop,”  one  cola,  and  one  fruit  juice.  (If  no  pure  fruit  juice  is  available,  squeeze  a  lemon 
or  an  orange.)  Soap  or  soap  flakes.  Eight  pieces  of  white  woolen  cloth,  four  about  5  cm 
square,  the  other  four  about  2  cm  square.  10%  solution  of  hydrochloric  acid.  Concentrated 
hydrochloric  acid.  Concentrated  ammonium  hydroxide.  Blue  litmus  paper.  Chloroform.  Ethyl 
alcohol. 

apparatus  needed:  Graduate.  Three  beakers.  Ring  and  ringstand.  Wire  gauze.  Bunsen 
burner.  Separatory  funnel.  (If  you  do  not  have  one,  use  a  funnel,  a  piece  of  rubber  tubing, 
and  a  glass  tip.  Fasten  a  pinch  clamp  to  the  tubing.)  Four  watch-glasses. 


a.  Testing  for  coal-tar  dyes.  In  this  part  of 
the  experiment  you  are  going  to  determine 
whether  or  not  coal-tar  dyes  have  been  used 
in  coloring  the  drinks  you  are  testing.  Coal- 
tar  dyes  will  hold  their  color  better  than  vege¬ 
table  dyes  and  can  be  transferred  back  and 
forth  from  a  piece  of  cloth  without  decom¬ 
posing. 

Prepare  the  pieces  of  white  woolen  cloth  for 
dyeing  by  boiling  them  in  a  strong  solution  of 
soap  suds.  Then  rinse  them  well  in  clear  water. 

Measure  out  25  ml  of  one  of  your  soft  drinks 
into  a  beaker  and  add  2  ml  of  a  10%  solution 
of  hydrochloric  acid.  Place  one  of  your  larger 
pieces  of  cloth  in  this  solution  and  boil  it  until 
the  color  has  gone  into  the  cloth.  This  usually 
takes  from  five  to  ten  minutes. 

Take  out  the  colored  cloth  and  wash  it  in 
cold  water.  Then  remove  any  free  color  in  the 
cloth  by  boiling  it  in  a  solution  of  24  ml  of 
water  and  1  ml  of  concentrated  hydrochloric 
acid.  Remove  the  cloth  and  rinse  it  again. 

Now  take  the  color  out  of  the  cloth  by  boil¬ 
ing  it  in  a  beaker  in  a  dilute  solution  of 
ammonia  made  by  dissolving  1  ml  of  concen¬ 
trated  ammonium  hydroxide  in  50  ml  of  water. 

As  soon  as  the  cloth  has  lost  its  color,  take  it 
out  of  this  solution,  throw  it  away,  and  save 


the  solution.  Add  concentrated  hydrochloric 
acid,  a  drop  at  a  time,  to  the  solution  until  it 
will  turn  blue  litmus  paper  red. 

Place  one  of  your  smaller  pieces  of  cloth  in 
this  solution  and  boil.  If  the  dye  is  of  vege¬ 
table  origin,  this  second  piece  of  wool  will  be 
uncolored.  But  if  the  dye  is  of  coal-tar  origin, 
it  will  show  a  decided  color — red,  orange,  pink, 
green,  etc.,  depending  on  the  sample  tested. 

Repeat  this  with  each  of  your  other  drinks, 
recording  all  of  your  results  in  the  table. 
b.  Testing  for  caffeine.  In  this  part  of  the  ex¬ 
periment  you  are  going  to  test  the  different 
soft  drinks  for  the  presence  of  caffeine.  You 
have  already  learned  that  caffeine  is  the  drug 
contained  in  coffee  and  tea. 

Place  25  ml  of  one  of  your  drinks  in  a  sepa¬ 
ratory  funnel  and  add  10  ml  of  chloroform. 
Shake  this  mixture  for  about  a  minute,  then 
allow  the  chloroform  layer  to  settle.  Draw  off 
the  chloroform  layer  into  a  clean,  dry  watch- 
glass  and  allow  it  to  evaporate  at  room  tem¬ 
perature.  Then  dissolve  the  residue  in  10  ml 
of  ethyl  alcohol  and  allow  it  to  evaporate.  If 
you  get  a  white  sugary  crystal,  you  have 
proved  the  presence  of  caffeine. 

Repeat  this  with  each  of  your  other  drink 
samples  and  record  your  results  in  the  table. 


DRINK  TESTED 

IS  COAL-TAR  DYE  PRESENT? 

IS  CAFFEINE  PRESENT? 
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 RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  type  of  soft  drink  contains  neither  coal-tar  dye  nor  caffeine?  AAce.._._ . 

2.  What  type  is  free  from  coal-tar  dye  but  contains  caffeine?  . P.°^a . 

3.  What  type  is  free  from  caffeine  but  contains  coal-tar  dye?  . 

CONSUMER  APPLICATIONS 

1.  If  you  wish  to  avoid  coal-tar  dyes  and  caffeine,  what  type  of  soft  drink  should  you  buy? 

Pure  fruit  Juices 

2.  Would  you  prefer  a  soft  drink  flavored  and  colored  with  natural  products  or  one  pre¬ 
pared  from  synthetic  compounds?  . .  Give  reasons  for  your 

answer  coal~tar  products  poisonous  in  varying  degrees .  Have  no  food  value. 

Natural  fruit  products  are  more  wholesome  and  contain  vitamins  and  minerals. 


3.  At  the  present  time  there  is  no  law  compelling  manufacturers  of  soft  drinks  to  list  the 
ingredients  on  the  label.  Write  a  paragraph  explaining  why  you  think  they  should  or  should 

not  inform  the  consumer  what  their  product  contains.  .  (Answers  will  vary. )  Coneumsr 
has  right  to  know  what  he  is  buying.  Label  on  container  should  show  what  con¬ 
tents  are,  ingredients  used  in  making  them,  etc. 
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4.  Defend  or  criticize  this  mother’s  remark:  “Johnny,  don’t  drink  any  coffee.  It’s  bad  for 
you.  Here’s  a  nickel.  Get  yourself  a  bottle  of  cola  instead.” 

people  do  not  know  that  colas  contain  caffeine.  Since  children  are  dis¬ 


couraged  from  drinking  coffee  because  of  its  caffeine,  it  is  ridiculous  to 


let  them  drink  colas  instead. 
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UNIT 


Health 


■  ow  are  you  feeling  today?”  When  you  ask  that  question,  you  hope  the  answer  will 
be  “Fine!”  But  too  many  times  you  hear  a  sigh  and  complaint,  and  then,  “I  haven’t 
had  my  pills  today.  As  soon  as  I  get  them,  I  think  I’ll  feel  better.” 

Our  bodies  are  very  complicated  machines  requiring  expert  care  and  attention.  Quite 
often  we  give  ourselves  so  much  bad  attention  that  it  is  strange  we  feel  as  well  as  we  do. 
Nature  has  very  generously  equipped  us  with  all  of  the  machinery  and  chemicals  necessary 
for  our  bodies  to  work  normally  and  effectively.  Under  certain  conditions  different  parts  of 
the  body  mechanism  fail,  usually  because  of  injuries  or  mistreatment.  In  cases  of  this  kind 
it  is  best  to  see  an  expert,  such  as  the  family  physician. 

But  we  cannot  always  reach  a  doctor  when  we  need  him  most;  so  we  must  then  help  our¬ 
selves.  This  is  especially  true  when  we  have  broken  bones,  burns,  cuts,  and  scratches.  All 
of  these  are  accidents  requiring  first  aid.  You  should  learn  first-aid  procedure  so  that  you 
can  treat  minor  accidents  and  know  how  to  give  artificial  respiration. 

There  are  times,  however,  when  we  feel  that  we  are  suffering  from  some  chronic  ail¬ 
ment,  real  or  imaginary,  and  try  to  cure  ourselves  by  using  drugs.  No  one  but  an  expert 
and  licensed  doctor  is  able  to  diagnose  physical  ailments  correctly.  Yet  too  often  we  decide 
to  cure  stomach  disorders,  coughs,  headaches,  and  run-down  conditions  by  buying  “rem¬ 
edies”  and  “cures”  and  applying  them  ourselves. 

Chemistry  has  played  a  very  important  role  in  the  development  of  medicine.  Almost  every 
year  new  compounds  are  perfected  which  serve  as  specific  cures  for  certain  diseases.  Such 
chemicals  as  sulfanilamide  and  sulfapyridine  are  specific  cures  for  certain  ailments.  How- 
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ever,  there  are  still  too  many  diseases  that  have  no  specific  cures.  As  a  result,  there  are  a 
great  many  experimental  and  fake  cures  on  the  market. 

The  old-time  medicine  man  with  his  one-armed  banjo  player  and  long-haired  maiden  has 
almost  disappeared  from  our  highways  and  small  towns.  For  those  who  wish  to  read  descrip¬ 
tions  of  the  nostrums  and  fakes  of  the  past,  many  interesting  books  are  available.  These  give 
full  reports  of  the  methods  used  and  the  materials  sold  to  the  gullible  public.  There  are 
many  preparations  on  the  market  today  advertised  as  cures,  remedies,  and  reliefs  from  the 
1001  different  ailments,  real  or  imaginary,  peculiar  to  the  human  body.  These  are  commonly 
called  “patent  medicines.”  In  preparations  of  this  type  the  name  is  patented  and  not  the 
ingredients.  This  makes  it  possible  for  the  manufacturer  to  change  the  formula  to  suit  his 
individual  needs  and  desires.  If  an  analysis  of  a  patent  medicine  shows  that  it  contains  a 
harmful  drug,  the  manufacturer  may  remove  the  drug  without  notifying  the  public. 

As  a  consumer,  you  should  learn  about  the  ingredients  commonly  used  in  patent  medi¬ 
cines.  Study  the  advertising  claims  made.  Then  decide  whether  or  not  a  person  who  has 
never  seen  you  and  never  examined  you  is  better  able  to  diagnose  and  treat  your  ailment 
than  a  physician  who  carefully  studies  your  case  and  prescribes  a  treatment  for  your  disease. 

To  help  you  in  caring  for  your  health,  your  own  medicine  cabinet  should  contain  some 
standard  remedies  and  equipment.  The  following  list  will  help  you  make  a  selection.  Those 
which  are  labeled  “poison”  should  be  kept  in  a  special  place,  preferably  locked  up. 


An  antiseptic,  such  as  merphenyl  borate  or 
a  water  solution  of  iodine 
Boric  acid  powder 
Rubbing  alcohol 
Tannic  acid  powder  (for  burns) 

Petrolatum  (Vaseline) 

Baking  soda  (sodium  bicarbonate) 


Mineral  oil 
Aspirin 

Clinical  thermometer 
Adhesive  bandages 
Sterile  gauze  dressing 
Adhesive  tape 
Absorbent  cotton 
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SUGGESTIONS  FOR  TEACHING  UNIT  6 


The  study  of  health  is  of  vital  importance  to  us 
all.  Any  information  that  can  be  given  to  a  stu¬ 
dent,  which  will  help  him  remain  healthy  is 
very  worth  while.  This  unit  is  by  no  means  a 
complete  treatment  of  the  subject.  But  it  does 
serve  as  an  introduction  to  many  of  the  common 
health  problems  that  confront  the  consumer. 

Thousands  of  dollars  are  spent  annually  for 
fake  nostrums  and  cures.  If  a  student  can  remem¬ 
ber  how  to  distinguish  between  legitimate  cures 
and  remedies  and  those  which  are  detrimental  to 
his  health,  he  will  have  acquired  much  valuable 
information. 

OBJECTIVES  OF  THE  UNIT 

1.  To  become  acquainted  with  the  properties  of 
various  tooth  cleansers  and  to  be  able  to  select 
the  desirable  characteristics  of  each  (Exp.  26) . 

2.  To  learn  the  use  and  the  comparative  value 
of  different  types  of  antiseptics  (Exp.  27) . 

3.  To  realize  the  effect  that  alkalizers  have  on 
the  body  (Exp.  28) . 

4.  To  learn  what  effect  different  types  of  laxa¬ 
tives  will  have  on  the  body  and  to  know  what 
chemicals  are  commonly  found  in  laxatives  (Exp. 
29). 

5.  To  know  what  chemicals  are  contained  in 
headache  remedies  and  pain  killers  and  how  they 
affect  the  nervous  system  (Exp.  30) . 

6.  To  realize  that  the  body  is  a  delicate  mecha¬ 
nism  not  to  be  tampered  with  by  uninformed  peo¬ 
ple  (Exp.  26,  27,  28,  29,  30). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  properties  of  a  mixture  are  determined 
by  the  properties  of  the  materials  composing  the 
mixture  (Exp.  26) . 

2.  Any  substance  that  will  liberate  carbon  di¬ 
oxide  in  water  solution  tends  to  neutralize  acids 
(Exp.  26,  28) . 

3.  Bacteria  may  be  killed  or  their  growth 
checked  by  using  antiseptics  and  germicides  (Exp. 
27). 

4.  The  solubility  of  iodine  in  water  may  be  in¬ 
creased  by  adding  an  iodide  (Exp.  27) . 

5.  Iodine  is  more  soluble  in  alcohol  than  it  is 
in  water  (Exp.  27)  . 

6.  A  bicarbonate  when  treated  with  an  acid 
releases  carbon  dioxide  (Exp.  28). 

7.  Phenolphthalein,  besides  being  an  indicator, 
is  a  common  ingredient  of  many  laxatives  (Exp. 
29). 

8.  Analytical  tests  for  phenolphthalein,  mag¬ 
nesium  compounds,  acetanilid,  phenacetin,  and 
aminopyrine  (Exp.  29,  30) . 


HINTS  TO  THE  TEACHER 

Experiment  26.  Stress  the  fact  that  tooth  pow¬ 
ders  are  mixtures  and  their  composition  is  varia¬ 
ble.  In  mixing  tooth  powder,  a  more  uniform 
mixture  can  be  made  by  using  a  large  reagent 
bottle,  if  available,  instead  of  the  Florence  flask. 
If  the  flavoring  material  is  not  mixed  thoroughly 
by  shaking,  place  the  mixture  on  a  sheet  of  clean 
paper  and  work  it  with  a  spatula. 

Experiment  27.  This  experiment  shows  some  of 
the  important  chemical  reactions  of  iodine.  Em¬ 
phasize  the  difference  in  solubility  of  iodine  in 
water  and  in  an  iodide  solution.  Make  up  a  10% 
solution  of  sodium  thiosulfate  by  dissolving  10 
grams  of  sodium  thiosulfate  in  90  grams  of  water. 

Experiment  28.  Special  consideration  should  be 
given  to  the  advertised  claims  of  alkalizers.  Be 
sure  that  the  student  knows  how  to  test  for  car¬ 
bonates  and  the  reactions  that  take  place.  He 
should  also  understand  what  causes  the  neutrali¬ 
zation  reaction  and  how  the  hydroxyl  ion  is  pro¬ 
duced.  Prepare  a  saturated  solution  of  limewater 
by  dissolving  as  much  calcium  hydroxide  in  the 
water  as  possible. 

Experiment  29.  Prepare  a  10%  solution  of  am¬ 
monium  chloride  by  dissolving  10  grams  of  the 
solid  salt  in  90  grams  of  water.  Likewise  prepare 
a  10%  solution  of  disodium  hydrogen  phosphate 
by  dissolving  10  grams  of  the  solid  in  90  grams  of 
water.  Make  a  .1  normal  iodine  solution.  In  test¬ 
ing  for  the  presence  of  phenolphthalein,  the  sam¬ 
ples  of  gum  and  candy  laxatives  may  be  cut  into 
very  small  pieces. 

Experiment  30.  When  purchasing  the  headache 
powders  and  pain  killers,  try  to  get  as  many  dif¬ 
ferent  classes  or  types  as  possible.  Check  the 
results  of  each  of  the  tests  so  that  you  are  sure 
that  the  students  understand  each  test.  Prepare 
the  ferric  chloride  solution  by  dissolving  10  grams 
of  the  solid  salt  in  90  grams  of  water. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

4  brands  of  alkalizers 

1  candy  laxative 

1  gum  laxative 

2  saline  or  “salt”  laxatives 

4  brands  of  headache  remedies  or  pain  killers 
125  gm  calcium  carbonate  (precipitated  chalk) 
30  gm  magnesium  carbonate 
35  gm  sodium  bicarbonate 
30  gm  powdered  sugar 
15  gm  sodium  lauryl  sulfate 

3  gm  oil  of  wintergreen,  spearmint,  pepper¬ 
mint,  or  cloves 
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litmus  paper  (red  and  blue) 

10  tarnished  copper  pennies 
10  gm  iodine  crystals 
75  ml  ethyl  alcohol 
5  gm  sodium  or  potassium  iodide 
10  gm  thiosulfate 
20  wood  splints  or  shavings 
20  gm  calcium  hydroxide 
200  ml  denatured  alcohol 
2  ml  ammonium  hydroxide 
10  gm  ammonium  chloride 
10  gm  disodium  hydrogen  phosphate 
10  gm  zinc  chloride 
2  ml  acetic  acid,  glacial 
2  ml  hydrochloric  acid,  dilute 
2  ml  nitric  acid  (yellow) 

10  gm  ferric  chloride 
10  ml  sufuric  acid,  dilute 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

10  test  tubes 
5  test-tube  holders 
5  one-hole  stoppers 
5  500-ml  Florence  flasks 
5  10-ml  or  25-ml  graduates 
1  balance,  double  pan 
1  balance,  triple-beam 
10  watch-glasses 
glass  tubing 
5  150-ml  beakers 
5  pestles 

5  Bunsen  burners 

5  thermometers,  from  — 10°  to  110°  C. 

SUGGESTED  PROJECTS 

1.  Preparation  of  tooth  pastes. 

2.  Make  a  study  and  collection  of  medicines 
derived  from  different  elements,  such  as  sulfur, 
silver,  mercury,  etc. 

3.  Carry  out  a  study  and  make  a  graph  show¬ 
ing  the  increase  or  decline  of  such  common  dis¬ 


eases  as  typhoid  fever,  smallpox,  tuberculosis,  and 
diphtheria. 

4.  Test  the  composition  of  other  laxatives  and 
mineral  crystals. 

5.  Investigate  the  composition  of  different 
tonics. 

6.  Determine  the  composition  of  different 
brands  of  antiseptic  mouth  washes. 

7.  Make  a  collection  of  different  herbs  used  in 
medicines,  such  as  aloes,  larkspur,  cochineal,  sas¬ 
safras,  and  quassia. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  Why  should  the  use  of  patent  medicines  be 
discouraged? 

2.  What  are  the  characteristics  of  a  good  tooth 
cleanser? 

3.  How  reliable  are  tooth  cleanser  advertise¬ 
ments? 

4.  Why  are  antiseptics  used? 

5.  What  determines  the  kind  of  antiseptic  to 
be  used? 

6.  If  mouth  washes  are  gentle  enough  to  leave 
the  tissues  of  the  mouth  unharmed,  how  would 
you  rate  them  as  antiseptics? 

7.  Will  the  use  of  alkalizers  improve  your 
health? 

8.  Why  should  the  use  of  alkalizers  be  consid¬ 
ered  hazardous? 

9.  How  can  one’s  health  be  endangered  by  the 
continued  use  of  laxatives? 

10.  What  substances  compose  laxatives? 

11.  Will  headache  remedies  give  you  perma¬ 
nent  relief? 

12.  If  you  are  suffering  from  a  headache  or 
other  pains,  what  should  you  do? 

13.  How  do  headache  remedies  and  pain  killers 
relieve  pain? 

14.  How  can  you  determine  the  ingredients  in 
a  patent  medicine? 
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DATE 


PERIOD 


26 

RATING 


Experiment  26 

How  are  tooth  powders  made? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  do  you  expect  from  a  tooth  cleanser? 
Is  it  best  to  use  a  paste,  a  liquid,  or  a  powder? 
Are  some  of  them  harmful? 

Volumes  have  been  written  on  the  care  of 
teeth.  Every  magazine  that  carries  advertis¬ 
ing  presents  you  with  pictures  of  beautiful 
teeth,  vaguely  hinting  that  the  use  of  a  certain 
product  will  insure  your  rapid  rise  to  fame  or 
success. 

Medical  and  dental  authorities  have  recently 
made  statements,  based  on  laboratory  tests, 
that  teeth  will  decay  even  if  they  are  brushed 
every  day  and  that  the  only  guarantee  of  per¬ 
fect  teeth  is  to  select  grandparents  who  had 
perfect  teeth.  Even  though  decay  cannot  be 
prevented  nor  perfect  teeth  obtained  by  using 
tooth  cleansers,  you  can  have  cleanliness, 
which  is  very  important  for  health. 

In  using  tooth  cleansers  you  must  consider 
certain  requirements.  Most  cleansers  clean  be¬ 
cause  of  abrasive  action.  If  an  abrasive,  such 
as  pumice  or  marble  dust,  that  is  harder  than 
the  teeth  is  used,  the  teeth  will  be  gradually 
worn  away.  Some  cleansers  contain  mild  alka- 
lizers  to  neutralize  an  acid  mouth  condition. 
Others  contain  oxidizing  agents,  such  as  po¬ 
tassium  chlorate  and  sodium  perborate.  Potas¬ 
sium  chlorate  is  a  deadly  poison  if  swallowed, 
and  sodium  perborate  has  been  found  to  cause 
inflammation  of  the  gums. 

A  great  deal  of  cleansing  is  brought  about 
by  emulsification.  Powdered  soap  does  this 
work  in  many  preparations,  and  “soapless” 
soap  (sodium  lauryl  sulfate)  does  it  in  others. 

There  is  not  a  great  deal  of  difference  be¬ 
tween  the  results  you  get  from  powders, 


pastes,  or  liquids.  You  may  like  one  better 
than  another  because  it  is  easier  or  handier  to 
use.  The  important  thing  in  choosing  a  tooth 
cleanser  is  to  pick  one  that  does  not  harm  the 
teeth  or  mouth.  A  paste  usually  contains  the 
same  materials  found  in  a  powder,  except 
that  water  or  some  other  liquid,  such  as  gly¬ 
cerine,  has  been  added.  A  liquid  cleanser  de¬ 
pends  mostly  on  “soapless”  soap  for  cleaning. 

Apart  from  the  cleansing  action  of  the  pow¬ 
der,  paste,  or  liquid,  brushing  your  teeth  mas¬ 
sages  your  gums  and  keeps  them  firm  and 
healthy.  Brush  your  teeth  with  a  sliding, 
sweeping  motion  away  from  your  gums  to  get 
the  best  results.  Do  not  work  the  brush  rapidly 
back  and  forth  over  the  teeth.  You  will  only 
clean  the  surface  of  the  teeth  without  remov¬ 
ing  food  particles  from  the  spaces  between. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  p.  54 
Chemistry  and  You.  pp.  9-10,  576-577,  609,  612 
Chemistry  at  Work.  pp.  27,  529 
Chemistry  for  Secondary  Schools,  pp.  339,  400, 
413 

Chemistry  in  Use.  pp.  32,  66 
Dynamic  Chemistry,  pp.  392,  419,  421,  688,  695 
First  Book  in  Chemistry,  pp.  136,  161,  562 
First  Year  of  Chemistry,  pp.  13-14 
Modern  Chemistry,  pp.  20-22 
Modern  Everyday  Chemistry,  p.  382 
Modern-Life  Chemistry,  pp.  455,  468,  662 
New  Practical  Chemistry,  pp.  26-27,  342,  396, 

464-465 

New  World  of  Chemistry,  pp.  9,  228,  502,  594 


-  Tin  ,  .  ,  ,  .  ,  0  Two  or  more  elements  or  compounds  that  still 

1.  What  is  meant  by  a  mixture:  . f. . . . 

retain  their  individual  properties  after  being  thoroughly  mixed. 
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2.  How  do  the  properties  of  a  mixture  compare  with  the  properties  of  the  ingredients? 

Same  as  properties  of  ingredients . 


3.  Name  the  results  that  can  reasonably  be  expected  from  a  tooth  cleanser. 

teeth..  2.  Polish  teeth.  J5.  Exercise  gums .  k .  Neutralize  mouth  acids.  5 . 
Caus e  no  1  njury  or  irritation. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Precipitated  chalk.  Magnesium  carbonate.  Powdered  sugar.  Sodium  bicar¬ 
bonate.  Sodium  lauryl  sulfate.  Flavoring  material,  such  as  oil  of  wintergreen,  spearmint,  pep¬ 
permint,  or  cloves.  Copper  pennies.  Litmus  paper. 

apparatus  needed:  Test  tubes.  500  ml  Florence  flask.  10  ml  graduate.  Balance. 


In  this  experiment  you  will  learn  the  pur¬ 
pose  of  each  of  the  ingredients  commonly  used 
in  a  tooth  powder.  Then  you  will  prepare  a 
tooth  powder  from  these  ingredients. 

a.  Polishing  materials.  Rub  a  tarnished  cop¬ 
per  penny  with  a  pinch  of  dry  precipitated 
chalk.  Add  a  drop  or  two  of  water  while  you 
are  rubbing.  Notice  the  effect  that  precipi¬ 
tated  chalk  has  on  the  tarnish  of  the  metal. 
Repeat  this  on  other  copper  pennies,  using 
magnesium  carbonate,  powdered  sugar,  so¬ 
dium  bicarbonate,  and  sodium  lauryl  sulfate. 
List  all  the  materials  that  polish  in  the  table. 

b.  Cleansing  materials.  Fill  the  rounded  part 
of  a  test  tube  with  precipitated  chalk.  Add 


about  3  ml  of  water  and  shake.  Notice  if  a 
lather  is  produced.  Repeat  this  test  with  each 
of  the  ingredients  tested  in  Part  a  to  see  which 
ones  will  produce  a  lather.  List  all  the  mate¬ 
rials  that  clean  in  the  table. 

c.  Neutralizing  materials.  Make  solutions 
similar  to  those  of  Part  b.  Test  each  of  them 
with  red  and  blue  litmus.  Notice  which  sub¬ 
stances  would  tend  to  neutralize  an  acid  mouth 
condition.  List  all  the  materials  that  neutralize 
acid  in  the  table. 

d.  Flavoring  materials.  Taste  each  of  the  ma¬ 
terials  to  see  which  ones  have  a  pleasant  taste. 
List  all  the  materials  that  have  a  pleasant 
flavor  in  the  table. 


POLISHING  MATERIALS 

CLEANSING  MATERIALS 

NEUTRALIZING  MATERIALS 

FLAVORING  MATERIALS 

Chalk 

Sodium  lauryl 

Sodium  bicarbonate 

Powdered  sugar 

Magnesium  carbonate 

Wintergreen, c loves 

e.  Preparation  of  tooth  powder.  Weigh  out  20 
grams  of  precipitated  chalk,  5  grams  of  mag¬ 
nesium  carbonate,  5  grams  of  powdered  sugar, 
5  grams  of  sodium  bicarbonate,  2  grams  of 
sodium  lauryl  sulfate.  Place  these  ingredients 
in  a  500  ml  Florence  flask  and  shake.  Add  8 


to  10  drops  of  some  flavor,  such  as  oil  of  pep¬ 
permint,  spearmint,  wintergreen,  or  cloves. 
Shake  it  after  adding  each  drop. 

Compare  the  cleansing  qualities  and  texture 
of  the  mixture  with  those  of  a  commercial 
tooth  powder. 
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26 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Would  the  addition  of  a  few  more  grams  of  each  ingredient  cause  a  noticeable  difference 

in  the  tooth  powder?  _  State  a  reason  for  your  answer.  . . 

own  purpose  in  mixture .  Properties  do  not  vary  in  changing  proportions  of 

mixture  slightly. 


2.  Were  physical  or  chemical  means  used  in  preparing  the  mixture?  _ 

How  do  you  know9  change  took  place  during  mixing  of  ingredients 


3.  How  does  your  preparation  compare  with  commercial  tooth  powders? 

pare  favorably  since  ccnaercial  powders  contain  similar  ingredients .  ) 


CONSUMER  APPLICATIONS 

1.  What  are  the  characteristics  of  a  good  tooth  cleanser? 

polishing  materials,  neutralizers,  emulsifiers,  and  pleasant  flavor. 


2.  List  the  advantages  and  disadvantages  of  using  powders,  pastes,  and  liquids  for  cleaning 

your  teeth.  (Answers  may  vary .  ) 

Powders  Contain  no  glycerine  or  water.  More  cleanser  for  less  money.  But  may 
be  easily  spilled  and  wasted. 


pastes  More  convenient  to  use  than  powders.  But  contain  considerable  water. 
Glycerine  in  them'may  soften  bristles  of  brush,  rebuc^^^  irg  action. 


TjrpiirU  CCglTgn^enfr  tO  U»e  . 

less  Boap  (soditm  lauryl  sulfate 


Contain  alcohol  as  antiseptic  and  also  eoap- 


).  But  also  contain  great  deal  of  water. 


Ill 


26 


3.  Name  some  materials  that  should  not  be  present  in  tooth  cleansers.  . 

substances.  2.  Irritating  substances  such  as  sodium  perborate.  3.  Strong 

oxidizing  agents  such  as  potassium  chlorate  or  sodium  perborate,  k .  Strong 
alkalis.  Harsh  abrasives  such  as  marble  dust  and  pumice. 

4.  Read  some  of  the  tooth  cleanser  advertisements.  From  your  experiment  and  reading  give 

r  -i  •  j  (Ansvers  will  vary. )  Many  claims  seem  over- 

your  opinion  ot  the  claims  made.  . . . 

optimistic. 
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NAME _ DATE  PERIOD  RATING 


Experiment  27 


What  are  antiseptics? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


When  should  antiseptics  be  used?  Is  there 
any  difference  in  the  effect  of  antiseptics  on 
the  different  parts  of  the  body? 

The  main  purpose  of  any  antiseptic  is  to  pre¬ 
vent  infection  either  by  checking  the  growth 
of  germs  or  by  killing  them.  An  antiseptic  that 
kills  germs  is  also  called  a  germicide.  There 
is  no  perfect  antiseptic.  Minor  cuts  are  best 
treated  when  gently  washed  with  soap  and 
water  or  held  under  a  stream  of  clean  water. 

The  use  of  a  powerful  antiseptic  to  kill 
germs  may  also  destroy  tissue,  thereby  doing 
more  harm  than  good.  The  usefulness  of  any 
antiseptic  must  be  determined  by  careful  re¬ 
search  tests  to  find  out  its  effect  on  both  germs 
and  the  body. 

Iodine  solutions  are  one  of  the  best  known 
and  most  widely  used  antiseptics.  Carbolic 
acid  (phenol)  and  bichloride  of  mercury 
(mercuric  chloride)  are  two  other  well-known 
antiseptics.  All  of  them  destroy  tissue  and 
should  not  be  used  excessively. 

Iodine  can  be  applied  to  the  skin  in  an  alco¬ 
holic  tincture  or  in  a  water  solution.  Tincture 
of  iodine  is  quite  irritating  as  an  antiseptic  be¬ 
cause  of  the  alcohol  it  contains.  When  the 
tincture  is  applied  to  the  skin,  the  alcohol 
evaporates  quickly,  leaving  a  coating  of  iodine. 
This  may  cause  burns  and  blisters.  A  water 
solution  of  iodine  is  not  so  irritating  because 
it  dries  more  slowly  and  deposits  less  iodine. 
Tincture  of  iodine  may  become  quite  strong 
unless  it  is  kept  tightly  corked  to  prevent  the 
alcohol  from  evaporating. 

Carbolic  acid,  even  in  dilute  solution,  is  very 
damaging  to  skin  tissue,  and  bichloride  of  mer¬ 
cury  is  extremely  poisonous. 

In  the  last  few  years  several  new  antiseptics 
have  appeared  on  the  market.  Mercurochrome 
is  effective  against  surface  germs  but  does 
not  penetrate  living  tissue.  It  is  therefore  be¬ 


ing  replaced  by  other  mercury  compounds, 
such  as  merphenyl  borate,  merphenyl  nitrate, 
metaphen,  and  merthiolate.  All  of  these  com¬ 
pounds  have  so  far  proved  to  be  more  effective 
than  mercurochrome. 

Infections  may  appear  from  other  sources 
than  cuts  and  bruises.  This  is  true  of  “athlete’s 
foot,”  which  is  a  fungous  ringworm  infection 
of  the  feet.  Merphenyl  borate  has  proved  effec¬ 
tive  in  killing  the  fungi.  The  spread  of  “ath¬ 
lete’s  foot”  can  be  prevented  by  using  a  1% 
solution  of  sodium  hypochlorite.  Public  swim¬ 
ming  pools  and  school  gymnasiums  usually  re¬ 
quire  those  who  walk  bare-footed  to  step  into 
this  solution. 

The  use  of  any  concentrated  antiseptic 
should  be  avoided  unless  a  doctor  recommends 
it.  Remember  that  any  antiseptic  powerful 
enough  to  kill  germs  is  powerful  enough  to  in¬ 
jure  body  tissues. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  558-559 
Chemistry  and  You.  pp.  119,  332,  727 
Chemistry  at  Work.  pp.  339-340,  487 
Chemistry  for  Secondary  Schools,  pp.  51,  243, 
267,  374,  395,  557 

Chemistry  in  Use.  pp.  551,  555-557 
Dynamic  Chemistry,  pp.  222,  381,  674-675 
First  Book  in  Chemistry,  pp.  84,  92-94,  135, 
158,  490 

First  Principles  of  Chemistry,  p.  358 
First  Year  of  Chemistry,  pp.  208-209,  441,  523 
Modern  Chemistry,  pp.  422,  689,  739-740 
Modern  Everyday  Chemistry,  pp.  319-320 
Modern-Life  Chemistry,  pp.  321,  397,  460,  462, 
653,  706 

New  Practical  Chemistry,  pp.  331-332,  345,  444 
New  World  of  Chemistry,  pp.  160-161,  585- 
587,  654 


1.  What  is  meant  by  the  word  tincture? 


Solution  of  substance  in  alcohol  (ethyl). 
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2.  Why  should  a  cut  be  treated  with  soap  and  water  rather  than  with  an  antiseptic,  such  as 
iodine  or  carbolic  acid?  .?o&P  _an^. . w.ater.. dd  antisep tic  *  R.emove  dlrt  particles 
from  wound  without  seriously  damaging  tissues. 


3.  (a)  Name  the  active  element  in  sodium  hypochlorite  [NaCIO]. 
b)  Show  by  an  equation  how  this  element  is  produced  from  the  solution. 


KaCIO  — >  NaCl  4  [Oj 


4.  How  does  the  element  iodine  react  with  metals? 


Forms  iodides. 


5.  Why  should  tincture  of  iodine  be  kept  in  tightly  stoppered  bottles? 

evaporate,  leaving  very  strong  iodine  solution  that  will  damage  tissues. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Iodine  crystals.  Sodium  iodide  or  potassium  iodide.  Ethyl  alcohol.  Sodium 
thiosulfate  solution.  Wood  splints. 

apparatus  needed:  Triple-beam  balance.  Test  tubes.  Graduate.  Watch-glass. 


In  this  experiment  you  are  going  to  prepare 
two  different  solutions  of  iodine  and  compare 
them.  Notice  carefully  their  effects. 
a.  Tincture  of  iodine.  Weigh  out  1  gram  of 
iodine  crystals  on  a  triple-beam  balance  and 
dissolve  it  in  a  test  tube  containing  15  ml  of 
ethyl  alcohol.  This  forms  a  tincture  of  iodine. 
Dip  a  wood  splint  in  the  tincture  and  allow  it 
to  dry.  Note  the  coloration  on  the  wood. 

Place  2  or  3  ml  of  the  tincture  on  a  watch- 
glass  and  add  a  few  drops  of  sodium  thiosulfate 
solution  to  it.  Notice  what  happens  to  the 
iodine. 


b.  Water  solution  of  iodine.  Weigh  out  Vi 
gram  of  iodine  crystals  on  a  triple-beam  bal¬ 
ance  and  place  it  in  a  test  tube  containing  15 
ml  of  water.  Contrast  the  effect  of  water  and 
alcohol  on  iodine.  Now  add  1  gram  of  sodium 
or  potassium  iodide  crystals  to  the  test  tube. 
Shake  and  compare  the  appearance  of  the  so¬ 
lution  with  the  one  prepared  in  Part  a.  Dip  a 
wood  splint  in  the  solution  and  compare  it 
with  the  one  used  in  the  tincture. 

Test  2  or  3  ml  of  this  solution  with  sodium 
thiosulfate  in  the  same  way  as  you  did  the 
tincture  in  Part  a.  Notice  what  happens. 
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RATING 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  sodium  thiosulfate  have  on  iodine?  . 

driodic  acid,  and  sulfur  (precipitate). 

*  *2  4  ,%°”y  Ra2SC^.  *  2HI  + 

0  tt  .  j.  r  j  i  vi  •  .  0  By  addirg  sodium  or  potassium  iodide 

2.  How  may  iodine  be  made  soluble  in  water?  .  . . . . . . 

to  increase  solubility. 

3.  Which  type  of  solution  will  deposit  more  iodine,  the  tincture  or  the  water  solution? 

Tincture 


4.  (a)  Calculate  the  percentage  of  iodine  in  the  tincture. 


b)  In  the  water  solution.  .2. .  X  .-^99.  — . .  3  ♦  3$ 


CONSUMER  APPLICATIONS 


1. 

may 


Contrast  the  effects  of  tincture  of  iodine  and  water  solution  of  iodine  on  skin . 

irritate  or  even  blister  skin.  Water  solution  much  weaker. 


2.  (a)  Since  antiseptics  attack  both  germs  and  tissues,  what  is  the  antiseptic  value  of  a 

,  Very  little  if  any  permanent  ef- 

mouth  wash  for  killing  germs  and  curing  halitosis;  . r. . . 

feet 

b)  If  an  antiseptic  is  gentle  enough  to  leave  tissues  of  the  mouth  unharmed,  how  would  you 


rate  it  as  an  antiseptic? 


Very  poor 
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3.  Tell  how  you  would  care  for  a  minor  cut.Vaeh  with  mlld  8oaP.  8,14  water  OT  olean 
water.  May  use  mild  antiseptic  around  cut  tut  not  in  it. 


4.  What  types  of  cuts  should  have  a  doctor’s  attention? 


5.  If  you  wanted  an  antiseptic  and  were  not  sure  which  one  to  buy,  whom  should  you  ask? 
Doctor  Give  your  reasons . B.e.®^  ^.1®  )??.  ^.9. 

Druggists,  friends,  etc.,  are  not  qualified  advisers. 
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Experiment  28 

What  chemicals  are  found  in  alkalizers? 


28 

RATING 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  should  you  alkalize?  Will  the  continu¬ 
ous  use  of  alkalizers  improve  your  health? 

A  healthy  body  is  always  alkaline.  Only  the 
stomach  juices,  perspiration,  and  urine  are 
acid.  There  is  such  a  condition  as  acidosis;  but 
it  is  distinctly  different  from  the  over-acid 
stomach  or  heartburn  caused  by  eating  too 
much  food,  eating  too  fast,  or  eating  when 
tired  or  angry. 

Acidosis  or  a  stomach  upset  by  ulcers  or 
gall-bladder  disease  cannot  be  remedied  by 
alkalizers.  A  stomach-ache  caused  by  ulcers 
will  only  be  made  worse  by  the  use  of  alka¬ 
lizers,  since  the  gas  they  produce  will  cause 
the  stomach  to  distend,  or  swell.  If  you  receive 
any  relief  from  alkalizers  when  you  are  suf¬ 
fering  from  ulcers,  the  relief  is  not  due  to  the 
alkalizing  effect  but  to  the  drugs  present  in 
the  alkalizers.  As  soon  as  the  narcotic  effect 
has  worn  off,  the  pains  will  return.  The  ulcers 
will  be  no  better  for  the  treatment. 

There  is  also  a  condition  known  as  alkalosis, 
which  though  not  as  common  as  acidosis,  is 
even  more  serious.  The  use  of  alkalizers  for 
such  a  condition  is  not  only  foolish  from  a 
chemical  point  of  view  but  is  also  extremely 
dangerous. 

Most  alkalizers  bubble  up  because  a  gas  is 
formed.  When  the  gas  is  being  liberated,  the 


rest  of  the  alkalizer  reacts  with  the  water  by  a 
process  known  as  hydrolysis  to  form  a  mild 
alkali  that  will  neutralize  acids.  Since  the 
stomach  is  naturally  acid,  an  excessive  amount 
of  alkalizer  will  overtax  the  acid  production 
of  the  stomach  glands. 

Many  alkalizers  also  contain  drugs,  such  as 
aspirin,  acetanilid,  and  bromides,  which  have 
no  alkalizing  effect  but  merely  act  as  pain 
killers. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  260,  616-617 
Chemistry  and  You.  pp.  436-438,  610 
Chemistry  at  Work.  p.  522 
Chemistry  for  Secondary  Schools,  pp.  265, 

332,  400,  429 

Chemistry  in  Use.  pp.  277,  483 
Dynamic  Chemistry,  pp.  377-378,  647 
First  Book  in  Chemistry,  pp.  161,  398,  489,  552 
First  Principles  of  Chemistry,  pp.  298-300 
First  Year  of  Chemistry,  pp.  333,  404 
Modern  Chemistry,  pp.  300,  513-514 
Modern  Everyday  Chemistry,  pp.  386-387 
Modern-Life  Chemistry,  pp.  302,  345,  455-480, 

655 

New  Practical  Chemistry,  pp.  224.  342,  401-402 
New  World  of  Chemistry,  pp.  114-115,  365,  502 


1.  What  happens  when  sodium  bicarbonate  is  placed  in  an  acid?  . ^.era^e.8..?ai,^on. . 

dioxide  gas,  forms  sodium  salt  of  acid,  and  water. 

2.  Write  an  equation  showing  the  reaction  that  takes  place  between  hydrochloric  acid  [HC1] 
(present  in  the  stomach)  and  sodium  bicarbonate  [NaHC03]. 

HC1  *  KaBDO^  — »  RaCl  +  520  .+  CQ2T . 


3.  (a)  Name  the  compound  formed  when  carbon  dioxide  reacts  with  limewater. 

carbonate  (calcium  bicarbonate  if  gas  is  bubbled  through  for  long  time). 

b)  Express  the  reaction  of  carbon  dioxide  [C02]  and  limewater  [Ca(OH)2]  in  an  equation. 

Ca( 0H)2  *  C02  CaCC^  H2O 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Sodium  bicarbonate  (baking  soda).  Clear  limewater.  Dilute  hydrochloric 
acid.  Four  brands  of  alkalizers. 

apparatus  needed  :  Two  test  tubes.  One-hole  stopper.  Glass  tubing  for  delivery  tube.  Balance. 


In  this  experiment  you  are  going  to  deter¬ 
mine  what  gas  is  liberated  by  the  different 
brands  of  alkalizers.  You  will  use  a  solution 
of  clear  limewater  to  identify  the  gas.  First 
you  will  test  sodium  bicarbonate  and  then 
compare  the  action  of  alkalizers  with  that  of 
sodium  bicarbonate. 

a.  Testing  sodium  bicarbonate.  Place  about  1 
gram  of  sodium  bicarbonate  in  a  small  test 
tube  fitted  with  one-hole  stopper  and  a  de¬ 


livery  tube  leading  into  a  test  tube  containing 
about  5  ml  of  clear  limewater.  Add  a  few  drops 
of  hydrochloric  acid  to  the  sodium  bicarbonate 
and  quickly  stopper  the  test  tube,  letting  the 
gas  produced  bubble  into  the  limewater.  No¬ 
tice  the  effect  on  the  limewater. 
b.  Testing  alkalizers.  Repeat  the  test  used  in 
Part  a,  using  1  gram  samples  of  each  of  your 
alkalizers  instead  of  sodium  bicarbonate.  Re¬ 
cord  your  results  in  the  table. 


BRAND  OF  ALKALIZER 

WHAT  GAS  IS  PRESENT? 

BRAND  OF  ALKALIZER 

WHAT  GAS  IS  PRESENT? 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  an  acid  have  on  a  bicarbonate? 

liberate  carbon  dioxide,  water,  and  salt. 


2.  (a)  Was  a  gas  present  in  each  of  the  different  brands  of  alkalizers  you  tested? 


Yes 


b)  If  so.  which  gas?  Cartoc  dloxlde . 

3.  Tell  how  sodium  bicarbonate  acts  as  an  alkalizer. 

solution  (hydrolyzes  to  farm  sodium  hydroxide,  strong  base  and  carbonic  acid, 

weak  acid).  If  acid  is  present,  neutralizes  acid,  and  liberates  carbon  di¬ 
oxide. 
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CONSUMER  APPLICATIONS 

1.  What  alkalizing  effect  do  drugs,  such  as  aspirin,  acetanilid,  and  bromides,  have? 


Explain  killers  not  alkalizers. 


2.  If  you  wished  to  overcome  a  temporary  over-acid  condition,  what  substance  would  you 

use?  Sodium  bicarbonate  (baking  soda). 

3.  What  alkalizing  effect  does  the  gas  given  off  by  alkalizers  have?  . .???. .  Why? 

Carbon  dioxide  dissolved  in  water  forme  carbonic  acid.  Acid  cannot  have 

alkalizing  effect. 


4.  (a)  List  some  of  the  conditions  that  might  produce  acidosis. 

diet,  diabetes,  shock. 


.  x  TTT1  . ,  A  A  a  f  j  •  9  Consult  doctor  who  will 

b)  What  would  you  suggest  to  a  person  suffering  from  acidosis:  . 

diagnose  case  and  recommend  remedy. 


,  „  n  i  .  Alkalizer  acts  as 

5.  Explain  why  it  is  foolish  to  take  alkalizers  to  relieve  alkalosis . 

alkaline  solution.  Cannot  neutralize  alkaline  condition.  Only  makes  it  worse. 
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6.  How  will  the  human  body  react  if  given  too  much  alkalizing?  ?.???- .  ^.° . .a.^r . . 

kaline  (alkalosis ).  Overtax  acid  production  of  stomach,  which  is  naturally 

acid. 


7.  Examine  the  labels  on  some  alkalizers.  What  compounds  do  they  contain? 

will  vary.  Will  contain  sodium  bicarbonate,  citrates,  and  drugs.) 


(Answers 
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Experiment  29 

What  chemicals  are  used  to  prepare  laxatives? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  laxatives  essential  to  good  health?  Or  is 
your  health  endangered  by  the  continued  use 
of  laxatives? 

Laxatives  seem  to  hold  the  number-one  po¬ 
sition  among  the  patent  medicines.  If  you  have 
an  upset  stomach,  dizzy  feeling,  nervous  pros¬ 
tration,  spots  before  your  eyes,  or  any  other 
symptom  of  ill  health,  you  are  advised  by  both 
friends  and  enemies  to  try  some  laxative. 

There  is  no  doubt  that  constipation  causes 
sluggishness  and  that  it  is  the  underlying  rea¬ 
son  for  many  bodily  ills.  Constipation  slows 
up  the  oxidation  processes  of  the  body.  Fevers 
and  the  common  cold  will  therefore  “hang 
on”  longer  if  the  body  is  constipated.  How¬ 
ever,  doctors  agree  that  the  continual  use  of 
laxatives  will  hinder  rather  than  promote 
good  health.  Constipation  usually  results  from 
misuse  of  the  body.  Therefore,  instead  of  rec¬ 
ommending  laxatives  to  improve  and  correct 
body  functions,  most  doctors  urge  regular 
sleep,  wholesome  food,  enough  water,  and  mod¬ 
erate  exercise. 

The  use  of  laxatives  at  times  when  the 
stomach  is  upset  may  lead  to  serious  injury. 
This  is  especially  true  if  you  are  suffering 
from  appendicitis.  Taking  a  laxative  under 
such  circumstances  may  cause  rupture  of  the 
appendix  and  possibly  even  death. 

Some  materials  act  as  laxatives  because  they 
lubricate.  In  this  class  are  the  different  oils, 
such  as  mineral  oil  and  castor  oil.  Castor  oil 
also  has  a  chemical  action.  Other  laxative  ma¬ 
terials  are  effective  because  they  swell  and 
produce  bulk.  Among  these  are  agar  agar, 
psyllium  seed,  cascara  bark,  senna,  and  aloes. 
The  excessive  use  of  this  type  of  laxative  is 
frequently  responsible  for  hemorrhoids,  or 
“piles.” 

Saline  or  “salt”  laxatives  work  by  chemical 
action.  Most  of  them  are  compounds  of  mag¬ 
nesium.  Epsom  salts  is  magnesium  sulfate, 
and  milk  of  magnesia  is  magnesium  hydrox¬ 
ide.  Many  of  the  liquid  laxatives  sold  at  soda 


fountains  are  solutions  of  magnesium  citrate. 
The  “magic”  salt  crystals  appearing  on  the 
market  usually  contain  magnesium  com¬ 
pounds  or  the  horse  laxative,  Glauber’s  salts 
(sodium  sulfate  crystals). 

Perhaps  the  most  violent  laxatives  on  the 
market  today  are  those  which  contain  phe- 
nolphthalein.  This  drug  is  an  irritant.  In 
many  cases  it  will  cause  stomach  and  intesti¬ 
nal  disturbances.  If  used  by  sensitive  people, 
it  may  be  responsible  for  ulcers  and  skin 
eruptions.  The  most  objectionable  feature  of 
the  phenolphthalein  laxatives  is  probably  the 
way  in  which  they  are  sold  as  candy  or  gum. 
For  that  reason  they  may  be  innocently  taken 
in  large  amounts,  especially  by  children,  pro¬ 
ducing  fatal  results. 

Remember  that  your  body  is  a  delicate 
mechanism  which  requires  care  and  attention. 
When  it  gets  out  of  order,  only  an  expert  is 
qualified  to  put  it  back  in  good  condition. 
Would  you  take  your  watch  to  the  village 
blacksmith  to  have  it  repaired? 

If  you  are  troubled  with  constipation,  see 
your  doctor  before  you  make  your  body  a 
slave  to  laxatives. 

Before  doing  the  experiment,  answer  the 
questions  on  the  next  page.  Also  refer  to  your 
chemistry  book. 

Chemistry  and  Its  Wonders,  p.  555 
Chemistry  and  You.  pp.  608-609 
Chemistry  at  Work.  p.  542 
Chemistry  for  Secondary  Schools,  p.  429 
Chemistry  in  Use.  p.  274 
Dynamic  Chemistry,  pp.  287,  402-403 
First  Book  in  Chemistry,  pp.  399-400 
First  Principles  of  Chemistry,  p.  515 
First  Year  of  Chemistry,  p.  242 
Modern  Chemistry,  p.  213 
Modern  Everyday  Chemistry,  pp.  385-386 
Modern-Life  Chemistry,  pp.  214,  302,  452,  462, 
469,  481 

New  Practical  Chemistry,  p.  409 

New  World  of  Chemistry,  pp.  217,  336-337 
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1.  Why  should  the  regular  use  of  laxatives  be  avoided?  ^ ,1?®. . 8S^'. . . 

to  alimentary  canal. 

2.  What  dangers  to  the  body  will  result  from  constipation?  ®^.U^.^8^ie8.8.,...^iea^a®?1.e8.*.... 

C canon  cold,  fevers  hang  on  longer. 


3.  State  some  of  the  common  causes  of  constipation. 

else,  lack  of  veter,  nervousness,  lack  of  sleep,  etc. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Two  different  brands  of  candy  or  gum  laxatives.  Two  different  brands  of 
saline  laxatives,  or  ‘'salt''  crystals.  Denatured  alcohol.  Dilute  ammonium  hydroxide.  Ammo¬ 
nium  chloride  solution.  Disodium  hydrogen  phosphate  solution. 
apparatus  needed:  150  ml  beaker.  Watch-glass.  Balance.  Graduate.  Pestle. 


In  this  experiment  you  are  going  to  test  for 
phenolphthalein  and  for  magnesium  com¬ 
pounds.  You  will  not  be  expected  to  test  for 
oils,  such  as  mineral  oil  and  castor  oil.  These 
may  easily  be  identified  by  their  oily  appear¬ 
ance.  Castor  oil  is  also  readily  recognized  by 
its  taste. 

a.  Testing  for  phenolphthalein.  Place  one 
piece  of  candy,  chewing  gum.  or  portion  of 
laxative  in  a  150  ml  beaker.  Grind  this  with 
10  ml  of  denatured  alcohol.  Now  add  2  or  3 
drops  of  dilute  ammonium  hydroxide.  If  a 
violet  color  is  produced,  the  presence  of  phe¬ 
nolphthalein  is  indicated. 

Test  each  of  the  other  three  brands  of  laxa¬ 
tives  in  the  same  way.  Record  all  of  your 
results  in  the  table. 


b.  Testing  for  magnesium  compounds.  Make 
a  solution  of  one  of  your  laxatives  by  dissolv¬ 
ing  as  much  as  possible  of  1  gram  of  the  laxa¬ 
tive  in  5  ml  of  water  in  your  graduate.  Place 
this  solution  on  a  watch-glass.  Add  2  or  3  drops 
of  ammonium  hydroxide,  which  should  form 
a  precipitate  of  magnesium  hydroxide.  Add 
ammonium  chloride  solution  to  this  precipi¬ 
tate  until  the  hydroxide  disappears. 

Now  add  a  drop  of  disodium  hydrogen  phos¬ 
phate.  Allow  the  solution  to  remain  standing 
for  a  few  minutes.  If  a  white  precipitate  is 
formed,  it  is  magnesium  ammonium  phosphate 
and  proves  the  presence  of  a  magnesium  com¬ 
pound  in  the  laxative  you  are  testing.  Test 
each  of  your  other  laxatives  in  this  way  and 
record  your  results  in  the  table. 


BRAND  OF  LAXATIVE 

IS  PHENOLPHTHALEIN  PRESENT? 

IS  MAGNESIUM  PRESENT? 

5.QG 


-  i  — r 
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CONCLUSION'S  FROM  THE  EXPERIMENT 

L  Name  the  active  ingredient  in  nor.  candy  or  gun  laxatives.  _ 

2.  a  State  the  erect  of  phenolphthalein.  ether  thar.  laxative,  th 

with  ammcnim  hvdroxide.  ^ c -fae  p urp ~  £  a  rg£« _ 


-  -  —  -  r-  - 


:v  its  reaction 


T  vm  1  J  .7-  •  .. _  7  n  ~'3  »rt  •*  «v  @a  il 

:  .%  aere  aave  y : n  tree  rats  erect  rt  y:ur  cremstry  v:ri  .m"4 - •  - — *“  *” 

iicatcr  in  neutralization  eTreriaeria  . 


3.  rat  element  is 


71 _  »  7  -  1 

i_v  contained  m  n 


CONSUMER  APPLICATIONS 

1.  Explain  why  the  labels  on  saline  laxatives  ret: mat  thai 

Dilute  salt  eeltrtion  and  belt  elimination . 


:e  user  trim  water 


f*r%A 

2.  To  what  dangers  do  you  expose  your  body  h  yen  are  a  regular  user  of  laxatives'  nl 

laxative  habit.  Tail  tc  correct  causes  of  ccretipaticr.  May  cause  rupture 


□f  appendix  and  possible  death.  Also  say  cause  ulcers,  shin  eruptions.  tiles 


3.  Inst  the  types  of  laxatives  you  should  avoid,  giving  a  reason  for  avoiding  each  of  th; 

Lubricants.  Zsbit-fcrsum .  (reasons  say  rary.) 


Brlr-prcduc i^ .  Cause  henerrheiis  cr  piles. 


Irritating.  Injure  alinentary  canal 


Chemical.  Habit-f 


,  -•  —  . 


Anave  rs  ▼  vsrv ,  Sea 

4.  S:a:e  hnenv  a  sate  treatment  tor  temper.  constipation  _  -  .  ... 


iocter,  trim  none  vs.  per .  pars  pure  mere,  c. 
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5.  Examine  the  labels  of  several  different  laxatives.  State  what  active  ingredient  is  present 
eack  (Answers  will  vary. ) 
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NAME 


DATE 


PERIOD 


RATING 


Experiment  30 

What  do  headache  remedies  and  pain  killers  contain? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Will  headache  remedies  give  you  permanent 
relief.  Are  pain  killers  safe  to  use? 

A  headache  is  not  a  disease,  yet  it  is  more 
than  just  a  nuisance.  It  is  a  symptom,  a  call 
for  help,  a  signal  that  something  is  wrong. 
Occasional  headaches  are  caused  by  fatigue, 
eyestrain,  nervous  strain,  bad  ventilation,  or 
similar  causes  quite  easily  corrected.  To  over¬ 
come  a  headache  of  this  kind,  a  doctor  usually 
recommends  more  sleep,  fresh  air,  or  even  one 
or  two  aspirin  tablets. 

But  headaches  may  be  caused  by  other  con¬ 
ditions  that  are  more  serious.  Bad  teeth  or 
high  blood-pressure  may  be  a  cause.  One  of 
the  early  signs  of  kidney  trouble  is  a  headache. 
Many  of  the  infectious  diseases,  such  as  scar¬ 
let  fever,  smallpox,  infantile  paralysis,  and 
syphilis  have  headaches  as  one  of  their  symp¬ 
toms.  The  eye  disease,  glaucoma,  wdiich  will 
quickly  lead  to  blindness  unless  expertly 
treated,  is  accompanied  by  splitting  headaches. 
These  are  only  a  few  of  the  diseases  and  ail¬ 
ments  usually  causing  headaches. 

There  are  very  few  bodily  pains,  including 
headaches,  that  cannot  be  overcome  by  taking 
drugs.  But  the  drugs  do  not  correct  the  condi¬ 
tion.  They  merely  stop  the  pain  temporarily 
and  in  some  cases  actually  aggravate  the  body, 
sometimes  causing  permanent  injury. 

Most  of  the  headache  remedies  and  pain 
killers  are  sold  under  patented  names,  which 
usually  do  not  indicate  what  drugs  they  con¬ 
tain.  The  law  requires  only  that  certain  drugs 


be  mentioned  on  the  label.  But  too  many  peo¬ 
ple  never  read  the  label,  and  some  do  not  un¬ 
derstand  it  when  they  do.  Many  pain  killers 
contain  acetanilid,  a  drug  which  even  in  the 
usual  dose  (3  grains)  can  produce  nervous¬ 
ness,  skin  disorders,  and  heart  disturbances. 
Larger  doses  may  cause  delirium  and  collapse. 
Aminopyrine,  also  used  extensively,  is  even 
more  dangerous  than  acetanilid.  This  drug  is 
responsible  for  blood  diseases  that  have  been 
known  to  cause  many  deaths.  Phenacetin, 
bromides,  and  cincophen  are  other  drugs  usu¬ 
ally  contained  in  pain  killers. 

Any  of  these  drugs  may  be  safe  and  useful 
for  one  person  yet  unsafe  and  harmful  for 
another.  You  do  not  know  what  drug  your 
body  needs.  Any  drug  taken  under  a  doctor’s 
orders  is  much  safer  than  the  same  drug  taken 
whenever  you  feel  like  it. 

Before  doing  the  experiment,  answer  the 
following  questions.  Also  refer  to  your  chem¬ 
istry  book. 

Chemistry  and  Its  Wonders,  pp.  551,  553 

Chemistry  and  You.  pp.  494-495,  553-554 

Chemistry  at  Work.  p.  487 

Chemistry  for  Secondary  Schools,  p.  265 

Dynamic  Chemistry,  pp.  409,  636,  681-682 

First  Book  in  Chemistry,  pp.  158,  489 

Modern  Chemistry,  p.  739 

Modern  Everyday  Chemistry,  pp.  386-387 

Modern-Life  Chemistry,  p.  345 

New  Practical  Chemistry,  pp.  506,  531,  566 

New  World  of  Chemistry,  pp.  527-528,  589 


1.  Examine  the  labels  on  several  headache  remedies.  List  the  drugs  claimed  to  be  present 

(Answers  will  vary. )  Aspirin,  acetanilid,  aminopyrine,  cincophen, 

phenacetin,  bromides,  etc. 
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2.  State  some  of  the  conditions  that  will  cause  temporary  headaches. 

strain,  eyestrain,  bad  ventilation,  constipation,  etc. 


3.  How  do  headache  remedies  and  pain  killers  usually  affect  the  nervous  system?  P®.^®.11. 

nerves  that  carry  pain  messages  to  brain. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  i  Four  brands  of  headache  remedies  or  pain  killers.  Zinc  chloride.  Wood 
shavings  or  splints.  Glacial  acetic  acid.  .1  normal  iodine  solution.  Dilute  hydrochloric  acid. 
Yellow  nitric  acid  (containing  nitrous  acid).  10%  ferric  chloride  solution.  Dilute  sulfuric  acid. 
apparatus  needed:  Test  tubes.  Test-tube  holder.  Bunsen  burner.  Centigrade  thermometer. 
Balance. 


In  this  experiment  you  are  going  to  test 
some  of  the  preparations  advertised  as  head¬ 
ache  remedies  and  pain  killers  to  find  out 
what  drugs  each  contains. 

a.  Testing  for  acetanilid.  Place  about  Vi  gram 
of  one  of  the  brands  in  a  small  test  tube  and 
add  about  the  same  amount  of  zinc  chloride. 
Heat  this  mixture  gently,  holding  a  piece  of 
wood  shaving  or  splint  in  the  mouth  of  the 
tube.  At  first  white  fumes  will  appear.  Con¬ 
tinue  heating  until  the  mixture  melts.  Then 
it  will  usually  turn  yellow  and  finally  black. 
If  the  wood  splint  turns  yellow,  acetanilid  is 
present.  Test  each  of  the  other  brands  in  the 
same  way  and  record  your  results  in  the  table. 

b.  Testing  for  phenacetin.  Place  about  Va 
gram  of  a  dry  sample  of  one  brand  in  a  test 
tube.  Add  1  or  2  drops  of  glacial  acetic  acid, 
1  ml  of  water,  and  1  ml  of  .1  normal  iodine  so¬ 
lution.  Warm  this  mixture  to  about  40°C. 
Then  add  a  drop  of  hydrochloric  acid.  If  phe- 
nacetin  is  present,  reddish-brown  leaf-like 


crystals  will  form  almost  immediately.  If  the 
sample  also  contains  acetanilid,  the  crystals 
will  not  appear  until  the  mixture  has  cooled. 
Test  each  of  the  other  brands  in  the  same  way 
and  record  your  results  in  the  table, 

c.  Testing  for  aminopyrine.  You  will  use  two 
different  tests  for  aminopyrine.  If  either  test 
gives  positive  results,  the  drug  is  present.  If 
both  tests  are  positive,  there  is  no  doubt  about 
its  presence.  Test  each  of  the  samples  by  both 
methods  and  record  your  results  in  the  table. 
Nitrous  acid  test.  Dissolve  about  .01  gram  of 
the  sample  to  be  tested  in  2  ml  of  water  and 
add  a  few  drops  of  yellow  nitric  acid.  A  pur¬ 
plish-blue  color  indicates  the  presence  of  ami¬ 
nopyrine. 

Ferric  chloride  test.  Dissolve  about  .01  gram 
of  the  sample  to  be  tested  in  2ml  of  water  and 
add  1  ml  of  10%  ferric  chloride  solution.  A 
purple-to-violet  color  indicates  the  presence  of 
aminopyrine.  When  dilute  sulfuric  acid  is 
added,  the  color  changes  to  red. 
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NAME 


PERIOD 


DATE 


30 

RATING 


BRAND  OF  HEADACHE 

REMEDY  OR  PAIN 

KILLER 

IS  ACETANILID 
PRESENT? 

IS  PHENACETIN 
PRESENT? 

IS  AMINOPYRINE  PRESENT? 

NITROUS  ACID  TEST 

FERRIC  CHLORIDE  TEST 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Do  the  preparations  you  tested  show  the  presence  of  the  drugs  listed  on  the  label? 

J  ..  (Answers  will  depend  on  brands  tested.) 

State  any  exceptions.  . . . . 


2.  Are  headache  remedies  and  pain  killers  made  up  of  one  drug,  or  are  they  usually  a  mix- 

.  .  0  Mixture 

ture  of  more  than  one:  . . . 

CONSUMER  APPLICATIONS 

1.  (a)  What  is  the  difference  in  the  meaning  of  a  “cure”  for  aches  and  pains  and  “relief” 

.  .  i  o  Cure  means  complete  return  to  health.  Relief  means  tem- 

from  aches  and  pains:  . - . 

porary  stoppage  of  ache  or  pain. 


b )  Which  one  of  these  words  is  used  on  the  labels  of  the  preparations  you  tested? . 

2.  List  some  of  the  bad  effects  that  may  be  produced  in  the  body  by  the  excessive  and  con- 

„  ,  .,  -n  Nervousness,  skin  disorders,  heart  dis- 

tinued  use  of  drugs,  such  as  pain  killers . . . 

turbances,  blood  diseases.  Also  habit -forming.  Avoids  correcting  real  cause 
of  trouble. 
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3.  Which  drug,  used  for  pain  relief,  is  considered  least  dangerous  to  the  human  body? 
Aspirin 

4.  If  you  are  suffering  from  a  headache  or  other  pain,  what  would  you  suggest  as  the  first 

„  .  A  ,  0Rest  for  few  hours.  If  headache  is  not  relieved,  see  doctor. 

thing  to  do? . . 


5.  Name  some  of  the  drugs  which  should  not  be  taken  except  by  doctor’s  orders. 

Acetanllid,  phenacetin,  cincophen,  aminopyrine,  bromides,  etc. 
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UNIT 

7 


Cosmetics 


“£he’s  very  modern!  Uses  the  latest  in  make-up!”  And  so  were  the  girls  who  lived  in 
Crete,  Egypt,  and  Greece  centuries  ago. 

The  art  of  making  and  applying  cosmetics  is  as  old  as  the  human  race.  To  be  attractive 
and  desirable  has  always  been  an  important  problem  to  both  men  and  women.  Standards  of 
beauty  have  changed  through  the  ages  but  not  the  basic  beautifying  materials.  Perfumes, 
oils,  powders,  and  rouge  always  were,  and  still  are,  the  most  widely  used  cosmetics. 

The  shaving  equipment,  especially  the  brushless  cream  used  by  men  today,  is  not  radically 
different  from  that  used  by  the  sea  kings  of  Crete  who  sailed  the  Mediterranean  in  3500  b.c. 
The  types  of  oils  and  perfumes  rubbed  into  Cleopatra’s  skin  by  her  attendants  are  the  same 
ones  that  the  twentieth-century  girl  uses  in  her  beauty  creams.  Talc,  used  by  the  sun-tanned 
Athenian  women  to  whiten  their  skins,  is  now  found  in  the  modem  girl’s  compact.  So,  too, 
is  rouge,  made  of  the  same  chemicals  as  the  war  paint  used  by  Black  Hawk’s  and  Sitting 
Bull’s  Indian  braves. 

But  not  all  cosmetics  are  harmless.  We  pity  the  Saracen  women  who  many  times  blinded 
themselves  by  using  belladonna  to  obtain  alluring  eyes,  and  the  Egyptian  women  who  poi¬ 
soned  their  bodies  by  painting  them  with  white  lead.  Today  we  claim  to  be  more  intelli¬ 
gent,  yet  there  are  some  of  us  who  still  try  to  attain  beauty  by  dangerous  methods.  There  is 
every  reason  in  the  world  why  we  should  want  to  look  beautiful— but  never  at  the  cost  of 
our  health. 

There  are  many  precautions  that  should  be  taken.  Eyelash  and  eyebrow  preparations  that 
contain  aniline  dyes  should  never  be  used.  Loss  of  sight  and  even  death  have  resulted  from 
using  them.  However,  preparations  made  from  finely  divided  carbon  (mostly  lampblack) 
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suspended  in  wax,  soap,  or  mineral  oil  are  relatively  safe.  Even  if  some  of  the  carbon  should 
get  into  the  eyes,  the  result  would  be  no  more  dangerous  than  if  a  particle  of  coal  dust  got 
into  the  eye. 

Hair  removers,  such  as  depilatory  creams  or  powders,  are  also  a  menace  to  health.  Not 
only  do  they  dissolve  the  hair,  but  they  also  tend  to  dissolve  the  skin.  Most  of  them  are 
sulfide  preparations,  which  can  be  identified  by  their  rotten-egg  odor  when  wet.  Hair  dyes 
containing  metallic  salts,  such  as  lead  salts,  will  tend  to  poison  the  human  body.  The  safe 
dyes  are  not  very  effective,  and  the  effective  dyes  are  not  completely  safe. 


HANDLING  REAGENT  BOTTLES 


Throughout  your  chemistry  work  you  will 
be  using  reagents  in  your  experiments.  Re¬ 
agents  are  kept  in  glass  bottles  with  tight-fit¬ 
ting  stoppers  as  shown  in  Figure  1.  The  bottle 
on  the  left  has  a  ground-glass  stopper  to  keep 
air  out  and  prevent  evaporation.  The  bottle 


on  the  right  is  fitted  with  a  one-hole  rubber 
stopper  through  which  a  piece  of  glass  tubing 
with  a  narrow  tip  has  been  pushed.  A  rub¬ 
ber  medicine  dropper  bulb  is  attached  to  the 
glass  tubing.  This  arrangement  is  very  handy 
to  use  and  prevents  spilling  and  waste. 


F/GURE  1 


F/GURE  2 


Figure  2  shows  how  to  pour  from  the  glass- 
stoppered  reagent  bottle  into  a  test  tube.  No¬ 
tice  that  the  stopper  is  held  between  the  fin¬ 
gers.  This  is  to  keep  impurities  from  being 
picked  up  and  put  into  the  bottle.  Do  not  let 
the  ground-glass  part  of  the  stopper  touch 
anything  while  it  is  out  of  the  bottle. 

In  Figure  3  you  can  see  how  to  use  the  bot¬ 
tle  with  the  medicine  dropper  bulb.  A  few 
drops  of  liquid  can  be  easily  added  to  the  test 
tube  with  this  arrangement. 

Reagents  found  on  the  shelves  in  the  labora¬ 
tory  should  always  be  kept  tightly  stoppered 


F/GURE  3 

and  in  their  proper  places  unless  you  are  using 
them. 

Do  not  put  any  spoon,  spatula,  or  other  ar¬ 
ticle  into  a  reagent  bottle.  It  may  contaminate 
the  contents.  Pour  ‘solid  reagents  into  the 
cover  of  the  bottle  or  out  on  a  piece  of  clean 
paper  while  measuring  them. 

If  you  should  take  out  more  of  a  reagent 
than  you  need,  do  not  pour  it  back  into  the 
bottle.  This  may  cause  contamination.  Throw 
the  excess  away  and  be  more  careful  the  next 
time.  With  a  little  practice  you  can  soon  esti¬ 
mate  the  right  amount. 
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SUGGESTIONS  FOR  TEACHING  UNIT  7 


The  manufacture  of  cosmetics  has  developed 
into  one  of  our  major  industries.  The  student 
should  become  acquainted  with  the  materials  used 
in  cosmetics,  what  to  expect  and  what  not  to  ex¬ 
pect  of  different  cosmetics,  and  the  reactions  of 
cosmetics  on  the  general  health  of  the  user. 

In  studying  and  making  cosmetics,  the  students 
are  offered  practical  examples  of  emulsions  and 
suspensions.  The  use  of  materials  in  the  colloidal 
state  is  increasing  yearly.  This  unit  is  an  aid  in 
understanding  the  principles  of  simple  colloidal 
chemistry. 

OBJECTIVES  OF  THE  UNIT 

1.  To  become  acquainted  with  the  materials 
found  in  cosmetics  (Exp.  31,  32,  33,  34,  35) . 

2.  To  learn  the  cost  of  raw  materials  used  in 
cosmetics  so  as  to  judge  the  value  of  cosmetics 
(Exp.  31,  32,  35). 

3.  To  know  what  materials  are  commonly  used 
in  hand  lotions  and  their  value  to  the  skin  (Exp 
31). 

4.  To  learn  ways  of  making  emulsions  and  sus¬ 
pensions  (Exp.  31,  33,  35) . 

5.  To  know  what  to  expect  and  what  not  to 
expect  from  face  creams  (Exp.  32). 

6.  To  learn  what  ingredients  are  commonly 
present  in  face  creams  (Exp.  32) . 

7.  To  know  what  ingredients  are  commonly 
found  in  face  powder  (Exp.  34). 

8.  To  learn  how  mixtures  may  be  prepared 
(Exp.  34) . 

9.  To  know  the  characteristics  to  consider  in 
buying  lipsticks  (Exp.  35) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  A  hygroscopic  substance  is  one  that  absorbs 
water  (Exp.  31). 

2.  An  emulsion  may  be  prepared  by  combining 
two  immiscible  liquids  by  means  of  an  ingredient 
called  an  emulsifying  agent  (Exp.  31,  33,  35). 

3.  A  suspension  is  prepared  by  evenly  distrib¬ 
uting  an  insoluble  material  in  a  liquid  (Exp.  31). 

4.  Oil  may  be  separated  from  an  emulsion  by 
dissolving  it  in  a  solvent,  such  as  ether  or  naph¬ 
tha  (Exp.  32). 

5.  Water  may  be  removed  from  materials  by 
using  heat  (Exp.  32) . 

6.  A  mixture  is  prepared  by  physical  means 
(Exp.  34) . 

7.  Buying  large  containers  of  a  product  is  usu¬ 
ally  more  economical  than  buying  small  contain¬ 
ers  (Exp.  33,  34,  35) . 

8.  Immiscible  liquids  can  be  separated  by  phys¬ 
ical  means  (Exp.  32) . 


HINTS  TO  THE  TEACHER 

Experiment  31.  In  suspending  tragacanth  in  the 
hand  lotion,  small  lumps  may  form.  If  this  hap¬ 
pens,  have  the  students  warm  and  shake  the  mix¬ 
ture  until  the  lumps  have  disappeared.  Be  sure 
that  the  students  have  a  smooth  suspension  before 
the  other  ingredients  are  added. 

Experiment  32.  In  securing  commercial  sam¬ 
ples  for  this  experiment,  use  face  creams  that 
have  a  variety  of  retail  prices.  If  you  do  not  wish 
to  buy  samples,  Experiment  33  may  be  performed 
first.  Then  have  the  students  analyze  the  samples 
they  have  prepared. 

Experiment  33.  Students  may  wish  to  vary  the 
formulas  to  make  heavier  or  lighter  creams.  Show 
how  this  can  be  done  by  increasing  or  decreasing 
the  amount  of  the  ingredients.  This  will  give  an 
opportunity  to  show  that  emulsions  are  mixtures 
and  have  variable  compositions. 

In  Part  D,  you  may  wish  to  use  the  following 
excellent  formula  for  brushless  shaving  cream.  It 
requires  Tegin  P.  Moreover,  its  relation  to  van¬ 
ishing  cream  is  not  so  obvious  as  that  of  the 
formula  in  the  students’  book. 

Weigh  out  3.5  grams  of  Tegin  P,  .7  gram  of 
triethanolamine,  1.7  grams  of  glycerine,  and  78 
ml  of  water  in  a  250  ml  beaker.  Add  13.4  grams  of 
stearic  acid,  2  grams  of  mineral  oil,  and  1  gram 
of  iso-Ian  to  your  150  ml  beaker. 

Place  both  beakers  in  a  water  bath  and  heat 
them  until  all  of  the  solids  melt.  Pour  the  mate¬ 
rials  in  the  150  ml  beaker  into  the  250  ml  beaker. 
A  milky  emulsion  forms  between  the  water  and 
the  oil  and  fats  present.  Continue  to  stir  until  cool 
and  then  add  perfume. 

Experiment  34.  Stress  the  fact  that  the  impor¬ 
tant  thing  in  preparing  face  powder  is  the  blend¬ 
ing  of  the  colors.  These  must  be  evenly  distributed 
throughout  the  mixture.  Best  results  can  be  se¬ 
cured  by  working  in  a  small  amount  of  color  in  a 
portion  of  the  powder  and  then  distributing  this 
mixed  portion  through  the  entire  sample.  A 
spatula  will  work  better  than  a  flour  sifter. 

Experiment  35.  This  is  another  type  of  emul¬ 
sion.  The  hardness  of  the  lipstick  can  be  varied 
by  increasing  or  decreasing  the  amount  of  wax. 
U.S.  certified  colors  may  be  substituted  for  car¬ 
mine. 

note:  You  may  obtain  all  types  of  cosmetic  dyes 
from  H.  Kohnstamm  and  Co.,  Chicago,  New  York, 
and  Los  Angeles.  Special  cosmetic  ingredients 
such  as  iso-Ian  and  Tegin  P  may  be  purchased 
from  Theodore  Goldschmidt  Corp.,  153  Waverly 
Place,  New  York  City. 


130a 


MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

.5  gm  salicylic  acid 
250  ml  ethyl  alcohol 
225  ml  denatured  alcohol 

25  gm  calcium  carbonate  (precipitated  chalk) 

30  ml  tincture  of  benzoin 

10  gm  sodium  tetraborate  (borax) 

25  gm  each  of  cold,  cleansing,  and  vanishing 
or  brushless  shaving  cream 
20  ml  carbitol  or  100  ml  ethyl  alcohol 
30  ml  glycerine 

25  gm  gum  tragacanth,  powdered 
50  gm  kaolin 
5  gm  iso-Ian 
215  gm  lanolin 

10  samples  of  lipstick  (two  brands) 

25  gm  magnesium  stearate 
10  gm  magnesium  carbonate 
.5  gm  menthol 
290  gm  mineral  oil 
300  ml  petrolic  ether  or  naphtha 
12  ml  oil  of  lavender,  oil  of  jasmine,  or  other 
perfume 

45  gm  potassium  hydroxide  pellets 
380  gm  stearic  acid 
140  gm  talc 
50  ml  triethanolamine 

.5  gm  U.  S.  certified  water-insoluble  dye  (red, 
yellow,  blue) 

2.5  gm  U.  S.  certified  oil-soluble  dye  (red)  or 
carmine  No.  40 
17.5  gm  ceresin  wax 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  balance,  double-pan 
1  triple-beam  balance 
15  beakers  (150,  250,  or  400  ml) 

5  pans  for  water  bath 
5  Bunsen  burners 
5  evaporating  dishes 
5  Erlenmeyer  or  Florence  flasks 
5  funnels,  pinch  clamps,  glass  tips,  and  pieces 
of  rubber  tubing  (or  separatory  funnels) 
See  p.  60. 
glass  tubing 


5  glass  stirring  rods 
5  10-ml  or  25-ml  graduates 
5  medicine  droppers 
5  sheets  large  paper 
5  rings  and  ringstands 
5  rubber  stoppers  or  corks 
10  test  tubes  (6  in.) 

15  test  tubes  (3  in.) 

5  thermometers,  from  — 10°  to  110°  C. 

5  spatulas  (or  large  bottles) 

5  wire  gauzes 

SUGGESTED  PROJECTS 

1.  Preparation  of  cosmetics  not  covered  in  the 
book,  such  as  mascara,  nail  polish,  polish  remover, 
cuticle  remover,  brilliantine,  hair  oil,  wave  set, 
shampoo,  and  rouge. 

2.  Determining  whether  or  not  analine  dyes 
are  used  in  lipsticks. 

3.  Testing  for  the  presence  of  starch  and  alum 
in  face  powders. 

4.  Testing  depilatories  for  the  presence  of 
sulfides. 

5.  Testing  hair  dyes  for  the  presence  of  lead 
salts. 

6.  Testing  hand  lotions  for  the  presence  of 
glycerine. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  What  is  the  value  of  cosmetics? 

2.  What  types  of  cosmetics  should  be  avoided? 

3.  What  things  should  be  considered  in  select¬ 
ing  cosmetics? 

4.  How  will  glycerine,  benzoin,  lanolin,  stearic 
acid,  etc.,  affect  the  skin? 

5.  How  does  emulsification  take  place? 

6.  How  are  perfumes  made? 

7.  What  is  the  difference  between  natural  per¬ 
fumes  and  synthetic  perfumes? 

8.  Are  all  cosmetic  advertisements  truthful? 

9.  How  can  the  skin  be  fed  and  nourished? 

10.  What  type  of  substances  should  not  be 
present  in  face  powders? 

11.  How  can  you  tell  if  starch  is  present  in  face 
powder? 

12.  What  kind  of  colors  should  be  used  and 
what  kind  should  be  avoided  in  lipsticks? 
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31 

RATING 


Experiment  31 

How  are  hand  lotions  prepared? 


PREPARING  YOURSELF 

How  can  you  avoid  rough  hands?  Your 
hands  come  in  contact  with  more  types  of  ma¬ 
terials  that  tend  to  roughen  or  chap  the  skin 
than  do  any  other  parts  of  the  body. 

Hand  lotions  can  be  classified  chemically  as 
emulsions  or  suspensions.  They  are  very  sim¬ 
ple  preparations  built  either  on  a  gum-muci¬ 
lage  base  or  on  a  soap  base  with  plenty  of 
water.  The  type  that  you  should  use  depends 
on  the  particular  requirements  of  your  skin. 

Benzoin  is  the  most  useful  ingredient  in  the 
gum-mucilage  lotions.  It  has  a  healing  effect 
and  tends  to  keep  the  skin  from  cracking  and 
chapping.  Not  all  lotions  contain  benzoin. 
Tincture  of  benzoin  (benzoin  dissolved  in  alco¬ 
hol  )  is  used  by  athletic  coaches  and  trainers  to 
keep  the  feet  of  their  athletes  from  blistering 
and  becoming  sore.  In  hand  lotions  alcohol 
not  only  serves  as  a  solvent  for  gums  and  per¬ 
fumes,  but  it  also  speeds  up  evaporation  and 
acts  as  an  antiseptic. 

Lanolin,  the  fat  obtained  from  sheeps’  wool, 
is  the  most  useful  ingredient  commonly  found 


FOR  THE  EXPERIMENT 

in  the  soap-oil  lotions.  It  has  a  soothing  effect 
on  most  skins.  Since  many  people  now  recog¬ 
nize  this  value  of  lanolin,  most  lotions  that 
contain  it  mention  the  fact  on  the  labels.  Look 
for  it  on  bottles  of  lotions  at  home. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  622,  632,  518 
Chemistry  and  You.  pp.  414-416,  418-419 
Chemistry  at  Work.  pp.  64,  417-418 
Chemistry  for  Secondary  Schools,  pp.  330,  333, 
336 

Chemistry  in  Use.  pp.  120-121 
Dynamic  Chemistry,  pp.  325,  332 
First  Book  in  Chemistry,  pp.  552-558 
First  Principles  of  Chemistry,  pp.  452-454,  459 
First  Year  of  Chemistry,  pp.  109,  113 
Modern  Chemistry,  pp.  473-476,  479 
Modern  Everyday  Chemistry,  p.  384 
Modern-Life  Chemistry,  pp.  186,  652,  665 
New  Practical  Chemistry,  pp.  381-388 
New  World  of  Chemistry,  pp.  642-643 


1.  Does  skin  crack  or  chap  because  of  the  presence  of  too  much  oil  or  not  enough  oil  on  the 

hands?  N0t.en0U8h . 

2.  Some  substances  are  hygroscopic.  What  effect  will  such  a  substance  have  on  the  natural 

,  ..  i  j0  Hygroscopic  substance  absorbs  moisture.  Will  absorb 

moisture  of  the  hands?  .7*®.... . --- . * . . . 

moisture  on  hands . 


3.  Can  any  amount  of  a  hygroscopic  substance  be  used  on  the  hands?  Why?  ....S® 

of  too  much  will  absorb  moisture  on  hands,  making  skin  very  dry. 
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4.  Will  a  mild  antiseptic  increase  or  decrease  the  value  of  hand  lotion0  ... 

.  Set  injurious  tc  surface  cf  srin .  Might  have  scae  value. 


increase 


5  V.  hat  is  mean:  bv  allergy' 


usual  sensitiveness  to  certain  substance  vhich  in 


J-J 'e- 


lar  saints  ices  net  affect  most  others. 


6  Is  it  possible  for  seme  shir,  preparations  to  be  entirely  harmless  to  your  friend's  skin  and 


„  Yes  ^  .  S 

yet  irritating  to  yours. _ Exp  .am.  ... 


shins  are  allergic  to  certain  substances 


vhich  are  hamless  to  ethers. 


I . 


Explain  what  is  meant  by  a  suspension. 


Uniform  mixture  of  substance  in 


another  substance  (usually  liquid)  but  net  a  solution.  May  settle  out  on 
standing.  (Muddy  veter  is  suspension.  ) 


v  Emulsion  S'^sz-ez^ioz.  ef  one  liquid  in  another.  (Cold  cream,  mayonnaise  are 
emulsions .  ) 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  NEEDED :  Gum  tragucunth  powder.  Ethyl  alcohol.  Glycerine.  Menthol.  Salicylic 
acid  Tmcrure  o:  benzoin.  Hanoi  im  Triethanolamine.  Oil  of  lavender  or  some  other  perfume. 
app  .abates  needed  Florence  or  Erlenmever  husk  Graduate.  Three  beakers  or  two  beakers 


and  a  pan.  Two  test  rubes.  Ring  and  ringstancL 
mometer.  Balance. 

In  this  experiment  you  are  going  to  prepare 
two  general  types  of  hand  lotion.  The  real  pur¬ 
pose  of  a  lotion  is  to  protect  the  skin.  In  some 
lotions  this  protection  is  given  by  a  gum.  Each 
as  tragacanth.  karaya.  or  arable.  In  others  it 
is  given  by  oils,  such  as  olive  oil  or  lanolin. 
a.  Gum-mucilage  type  of  lotion.  Measure  out 
15  ml  of  water.  Place  it  in  your  Task  on  a  wire 
gauze  on  a  ring  of  the  ringstand  and  heat  it 
over  a  Bunsen  name  While  the  water  is  heat- 


IV ire  gauze.  Bunsen  burner.  Centigrade  ther- 

irg.  weigh  out  5  grains  of  powdered  gum  tra¬ 
gacanth  and  pour  it  into  a  test  tube  containing 
15  ml  of  ethyl  alcohol.  Shake  this  test  tube  un¬ 
til  the  tragacanth  is  evenly  distributed  in  the 
alcohol  W1 hen  the  water  is  hot,  add  the  gum 
tragacanth  solution,  a  little  at  a  time,  to  the 
hot  water.  Shake  after  each  addition  and  keep 
shaking  and  heating  until  you  have  a  suspen¬ 
sion  of  water  and  gum  in  which  there  are  no 
humps.  Allow*  the  suspension  to  cool. 
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CONSUMER  APPLICATIONS 

1.  If  you  are  bothered  with  a  dry  skin,  should  you  use  a  lotion  containing  much  glycerine? 

No  Hygroscopic.  Removes  moisture  from  skin,  making  dry  skin  drier. 


2.  If  you  use  a  lotion  where  the  air  is  dry,  should  you  use  one  containing  a  high  or  low  per¬ 
centage  of  oil?  Higl1  Explain  ^  P0rceirtaSe  oil  means  a  high  percentage  of 
water.  If  air  is  dry,  evaporation  of  water  takes  place  too  rapidly. 


3.  If  your  hands  perspire  freely,  what  kind  of  a  lotion  should  you  use?  ^ 

Give  a  reason  Contains  glycerine  (hygroscopic).  Gum 

forms  on  skin  and  prevents  perspiration. 


4.  Collect  information  as  to  the  price  of  your  ingredients  and  calculate  the  cost  of  the  lotions 

you  made.  List  the  price  of  each  ingredient  according  to  the  amount  you  used.  . 

will  depend  on  cost  of  ingredients.) 


r  TTTi  .  i  i  ..  i  ,  i  0  Should  not  he  excessively 

5.  What  should  you  consider  m  selecting  a  hand  lotion:  . 

gummy  or  sticky.  Should  not  contain  ingredients  that  irritate  skin.  Soften 


8 kin  without  injuring  it.  Low  price. 
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Experiment  32 

What  do  face  creams  contain? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Can  you  satisfy  your  stomach  by  rubbing  it 
with  potatoes  and  gravy?  If  you  have  ever 
been  hungry,  you  know  the  answer.  Yet  there 
are  people  who  believe  that  the  purpose  of  a 
skin  cream  is  to  nourish  and  feed  the  skin. 

Even  though  they  cannot  nourish  the  skin, 
face  creams  serve  a  useful  purpose.  When 
they  contain  no  harmful  ingredients,  they  have 
a  soothing  and  healing  effect  on  the  skin.  Cer¬ 
tain  types  of  cream  will  help  cleanse  the  skin, 
although  science  has  not  yet  been  able  to  im¬ 
prove  on  the  cleansing  action  of  mild  soap  and 
water. 

Chemically,  face  creams  are  classified  as 
emulsions  and  can  be  roughly  divided  into 
three  classes:  (1)  grease  creams,  primarily 
cold  and  cleansing  creams  with  a  mineral  oil 
or  beeswax  base;  (2)  vanishing  creams  and 
brushless  shaving  creams,  which  have  as  their 
base  a  soap  formed  by  emulsifying  oils  or  fatty 
acids,  such  as  stearic  acid  with  water;  (3) 
massage  creams,  which  are  primarily  oil  and 


water  emulsified  with  casein  (milk  curd). 
Generally  speaking,  each  type  of  cream  con¬ 
tains  similar  ingredients  with  only  a  variation 
in  the  proportions. 

Before  doing  the  experiment,  answer  the 
followring  questions.  Also  refer  to  your  chem¬ 
istry  book. 

Chemistry  and  Its  Wonders,  pp.  622-632 
Chemistry  and  You.  pp.  414-416 
Chemistry  at  Work,  pp.  64,  417-418 
Chemistry  for  Secondary  Schools,  pp.  67,  290, 
292 

Chemistry  in  Use.  pp.  186,  403 
Dynamic  Chemistry,  pp.  606-607 
First  Book  in  Chemistry,  pp.  72,  526,  560 
First  Principles  of  Chemistry,  pp.  452-454 
First  Year  of  Chemistry,  pp.  109,  113 
Modern  Chemistry,  pp.  473-488 
Modem  Everyday  Chemistry,  p.  383 
Modem-Life  Chemistry,  pp.  166,  622,  658-661 
New  Practical  Chemistry,  p.  428 
New  World  of  Chemistry,  p.  567 


1.  What  is  cold  cream  used  for?  Soften  ani  clean  skin.  Soothe  and  heal  it.  Oilfl 
absorbed  by  skin. 


2.  Tell  what  a  cleansing  cream  should  do. 


Enulsify  dirt  on  skin.  Help  cleanse  skin 


of  dirt. 


3. 


State  the  purpose  of  a  vanishing  cream. 


Serves  as  powder  base . 


,  nil.  .i  ij  i  ii  v  jo  Soften  face  hair  for  shaving  by 

4.  What  should  a  brushless  shaving  cream  do.  . . . . . 

emulsifying  oil  found  on  beard. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Three  samples  of  face  cream,  at  least  one  of  the  cold  or  cleansing  variety 
and  one  of  the  vanishing  or  brushless  shaving  variety.  (Note  the  contents  of  each  container  and 
the  retail  cost  of  each.)  Potassium  hydroxide  (in  the  solid  pellet  form).  Denatured  alcohol. 
Petrolic  ether  or  cleaning  naphtha. 

apparatus  needed:  Bunsen  burner.  Ring  and  ringstand.  Wire  gauze.  Pan  or  large  beaker  for 
water  bath.  Three  beakers.  Glass  stirring  rod.  Erlenmeyer  flask  with  a  cork  or  rubber  stopper 
to  fit.  Separatory  funnel,  or  ordinary  funnel  equipped  with  a  short  piece  of  rubber  tubing,  a 
pinch  clamp,  and  a  glass  tube.  Evaporating  dish.  Triple-beam  balance. 


In  this  experiment  you  are  going  to  find  out 
the  difference  between  the  types  of  face 
creams  by  separating  and  weighing  the  chief 
ingredients.  The  water  is  removed  by  evapo¬ 
ration.  The  mineral  oils  are  separated  from 
the  animal  or  vegetable  oils  by  saponification. 

Mineral  oils  will  not  form  soaps  with  potas¬ 
sium  hydroxide,  although  animal  and  vegeta¬ 
ble  oils  will.  The  emulsifying  agent  and  the 
perfumes  represent  such  a  very  small  percent¬ 
age  of  the  cream  that  they  will  be  disregarded 
in  this  experiment. 

It  will  be  impossible  to  determine  exactly 
what  vegetable  or  animal  oils  are  present,  but 
this  is  not  necessary,  since  their  actions  in  a 
cream  are  very  similar. 

a.  Amount  of  water  in  face  creams.  Carefully 
weigh  a  beaker  on  a  triple-beam  balance  and 
record  its  weight  on  another  sheet  of  paper. 
Add  exactly  5  grams  of  one  of  the  creams  to 
be  tested  to  the  beaker  and  heat  it  carefully  on 
the  wire  gauze  on  a  ring  of  the  ringstand.  If 
the  cream  has  a  tendency  to  froth  consider¬ 
ably,  decrease  the  heat  from  the  Bunsen 
burner  so  that  none  of  the  sample  is  lost.  After 
the  sample  stops  bubbling,  remove  the  beaker 
from  the  wire  gauze,  allow  it  to  cool  to  room 
temperature,  and  reweigh.  (If  the  oil  appears 
dark,  it  probably  was  charred  in  heating.) 
Determine  the  loss  in  weight  by  subtracting 
this  weight  from  your  starting  weight.  Record 
this  loss  in  weight  in  the  table.  Calculate  the 
percentage  of  water  present  by  multiplying 
the  loss  in  weight  by  20. 

While  this  sample  is  cooling,  weigh  another 
beaker  and  repeat  the  same  procedure.  Do  the 
same  with  the  other  creams  you  are  testing.  Re¬ 
cord  all  of  your  results  in  the  table.  Save  all 
your  samples  left  in  the  beakers  for  the  next 
part  of  the  experiment. 


b.  Amount  of  oil  in  face  creams.  Weigh  out  2 
or  3  grams  of  potassium  hydroxide  and  add  it 
to  a  sample  used  in  Part  a.  Add  approximately 
25  ml  of  water  to  the  mixture  and  bring  it  to 
a  boiling  temperature  on  a  water  bath,  keeping 
it  there  for  at  least  15  minutes.  The  potassium 
hydroxide  will  react  with  the  animal  and  vege¬ 
table  oils  present  in  the  cream,  forming  a  soap. 
Add  15  ml  of  denatured  alcohol  to  the  boiling 
mixture  and  stir  it  thoroughly  with  a  glass 
stirring  rod.  Remove  the  first  sample  from  the 
ringstand  and  allow  it  to  cool.  Repeat  the  same 
process  with  the  second  sample  while  the  first 
is  cooling,  and  with  the  third  while  the  second 
is  cooling. 

You  are  now  going  to  separate  the  mineral 
oils,  which  did  not  react  with  the  potassium 
hydroxide,  from  the  vegetable  and  animal  oils, 
which  did  react.  This  is  best  done  with  a  sepa¬ 
ratory  funnel.  But  if  no  separatory  funnel  is 
available,  you  can  provide  a  workable  substi¬ 
tute  by  attaching  a  2-  or  3-inch  piece  of  glass 
tubing  to  the  lower  end  of  your  regular  fun¬ 
nel  with  a  short  length  of  rubber  tubing. 
Fasten  a  pinch  clamp  to  the  rubber  tubing, 
being  sure  that  it  is  tight  enough  to  prevent 
leaks.  (Read  Using  a  Separatory  Funnel  on 
p.  60  for  additional  help.) 

After  the  first  sample  has  cooled  enough  so 
that  the  beaker  can  be  comfortably  held  in 
your  hand,  pour  all  of  the  mixture  from  the 
beaker  into  an  Erlenmeyer  flask.  Add  10  ml 
of  petrolic  ether  or  naphtha  to  the  beaker  and 
rinse  out  the  remaining  material  into  the  flask. 
Caution!  Petrolic  ether  and  naphtha  are  both 
highly  inflammable.  Do  not  let  them  get  near 
an  open  flame.  Insert  a  stopper  into  the  flask 
and  shake  the  mixture  thoroughly.  The  pe¬ 
trolic  ether  or  naphtha  will  dissolve  the  un¬ 
saponified  mineral  oil  that  is  in  the  cream. 
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Pour  the  contents  of  the  flask  into  the  fun¬ 
nel  and  allow  the  mixture  to  separate  into  two 
distinct  layers.  (If  the  mixture  remains  as  an 
emulsion  and  does  not  separate  well,  saponi¬ 
fication  is  not  complete.  Reheat  the  mixture 
over  a  water  bath. )  Draw  off  the  lower  layer 
into  the  flask  and  add  an  additional  10  ml  of 
petrolic  ether  or  naphtha  to  this  solution. 
Allow  the  clear  upper  layer,  which  will  contain 
most  of  the  mineral  oil  dissolved  in  the  petrolic 
ether  or  naphtha,  to  drain  into  an  evaporating 
dish.  Be  sure  no  soap  solution  is  mixed  with 
the  ether  or  naphtha.  Now  shake  your  flask 
and  make  a  second  extraction.  This  is  done  so 
that  any  mineral  oil  that  was  not  dissolved  the 
first  time  can  be  removed. 

Drain  off  the  lower  layer  containing  the 
soap  solution  and  throw  it  away.  Add  the 
petrolic  ether  or  naphtha  and  mineral  oil  por¬ 
tion  to  the  evaporating  dish.  Make  a  water 
bath  by  partly  filling  a  pan  or  large  beaker 
with  water  and  bring  it  to  the  boiling  point. 
Place  the  evaporating  dish  containing  the 
petrolic  ether  or  naphtha  and  oil  mixture  over 
the  boiling  water.  Heat  the  beaker  with  a  low 
flame  until  all  of  the  ether  has  evaporated. 
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Keep  the  ether  or  naphtha  away  from  an 
open  flame. 

After  the  evaporating  dish  has  cooled,  weigh 
it  and  the  mineral  oil.  Then  pour  out  the  oil, 
clean  the  dish,  and  weigh  it.  Calculate  the 
weight  of  mineral  oil  present  and  record  it  in 
the  table.  You  can  then  calculate  the  percent¬ 
age  of  mineral  oil  by  multiplying  the  weight  of 
the  oil  by  20. 

Repeat  the  extraction  of  the  mineral  oil  in 
the  second  and  third  sample  as  in  the  first. 
Record  all  your  results  in  the  table. 

c.  Amount  of  vegetable  and  animal  oils  in  face 
cream.  Calculate  the  weight  of  the  vegetable 
and  animal  oils  in  each  of  the  creams  by  sub¬ 
tracting  the  total  weight  of  the  water  and 
mineral  oil  present  from  the  original  weight  of 
the  sample.  Then  multiply  the  weight  of  the 
vegetable  and  animal  oil  by  20  to  determine 
the  percentage  present  in  the  cream.  Record 
the  results  in  the  table. 

d.  Calculating  the  cost  per  ounce.  Determine 
the  cost  per  ounce  of  each  face  cream  tested  by 
dividing  the  cost  of  each  container  by  the  num¬ 
ber  of  ounces  it  contains.  Record  your  results 
in  the  table. 


TYPE  OF  FACE  CREAM 

COST  PER 

OUNCE 

WATER 

MINERAL  OIL  AND 

PARAFFIN 

VEGETABLE  AND  ANIMAL 

OILS  AND  WAXES 

WEIGHT 

% 

WEIGHT 

% 

WEIGHT 

% 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Which  type  of  face  cream  contains  the  largest  amount  of  water? 

lees  shaving)  cream 

2.  Which  type  of  face  cream  has  much  mineral  oil  in  it?  . 

cold  creams  ). 

3.  Which  type  of  face  cream  contains  the  largest  amount  of  vegetable  and  animal  oils? 

Cold  cream 
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4.  Can  you  notice  any  relationship  between  the  ingredients  present  and  the  retail  cost  of 

.1  o  No  xp  ,  .  No  apparent  relationship  between  retail  cost  and  in- 

the  cream?  .  Explain .  .7Z . .f. . 

gredients  present. 


CONSUMER  APPLICATIONS 


1.  The  purpose  of  a  face  cream  is  primarily  to  remove  dirt  particles  from  the  skin  by  mechani¬ 
cal  means,  (a)  What  value  would  such  substances  as  colloidal  gold,  avocado,  oatmeal,  or  vitamins 

add  to  the  cream?  ,Y0nY . . . 

xp  ,  .  None  absorbed  by  skin. 

Explain . r . . . 

b)  What  value  does  perfume  give  to  a  cream?  . . Y011®. . U.Y . .? ^0Y?f .  °^: *?*.! . 

Explain  Notllin6  perfume  to  affect  desired  properties  of  cream. 

2.  What  characteristics  should  guide  you  in  selecting  a  face  cream  for  your  own  use? . 

Soften  skin  without  injuring  it.  Low  price. 


3.  What  size  container  of  face  cream  is  most  economical  to  buy,  large  or  small?  . 

Give  your  reasons  Stoll  containers  may  cost  more  than  contents.  Packaging  and 
advertising  most  expensive  parts  of  selling. 


4.  State  the  best  way  to  get  a  clear  complexion  and  a  beautiful  skin. 

food.  Get  enough  rest,  exercise,  and  fresh  air.  Keep  skin  clean  with  soap 

and  water. 


5.  Why  should  you  not  expect  face  creams  to  nourish  and  feed  the  skin? 
absorb  food  except  frcm  blood  stream. 


Skin  does  not 
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Experiment  33 

How  can  face  creams  be  made? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  is  so  magic  about  face  creams?  What 
healing  and  health-giving  powers  do  they 
have?  And  why  do  some  cost  less  than  three 
cents  an  ounce  while  others  cost  over  fifty 
cents  an  ounce? 

When  all  is  said  and  done,  the  main  purpose 
of  any  face  cream  is  to  clean.  Some  of  the  oils 
present  have  a  skin-softening  effect,  but  some 
creams  tend  to  make  a  dry  skin  more  dry  just 
as  some  lotions  do. 

Astringent  creams  usually  contain  harmful 
ingredients,  such  as  carbolic  acid,  aluminum 
chloride,  or  alum,  which  under  continuous  use 
will  irritate  the  skin  without  doing  it  any  good. 
Ice,  cold  water,  or  a  solution  of  alcohol  in  water 
will  “decrease  the  size  of  the  pores”  just  as 


effectively,  more  economically,  and  without 
any  danger  to  the  skin. 

Before  doing  the  experiment,  answer  the 
following  questions.  Also  refer  to  your  chem¬ 
istry  book. 

Chemistry  and  Its  Wonders,  pp.  622,  632 
Chemistry  and  You.  pp.  414-416,  503 
Chemistry  at  Work.  pp.  64,  417-418 
Chemistry  in  Use.  pp.  120-121,  532 
Dynamic  Chemistry,  pp.  606-607,  685 
First  Principles  of  Chemistry,  pp.  452-473 
First  Year  of  Chemistry,  pp.  109,  133 
Modern  Chemistry,  pp.  473-488 
Modern  Everyday  Chemistry,  pp.  383-384 
New  Practical  Chemistry,  pp.  388,  428,  463 
New  World  of  Chemistry,  pp.  567,  591,  643 


1.  What  effect  will  the  continuous  application  of  a  vanishing  cream,  without  the  use  of  soap 
and  water,  have  on  the  pores  of  the  skin?  "1U  olo8  ?<***  80  that  they  will  not  work 
properly. 


the 

2.  Should  the  melting  point  of  a  cleansing  cream  be  above  or  below JiLaA  of  the  skin? 


Why? 


Cleans  best  when  in  liquid  state.  Bnulsifies  dirt  faster. 


3.  Why  should  a  cleansing  cream  never  be  used  as  a  substitute  for  soap  and  water? 

adhere  to  the  skin  and  have  the  same  effect  on  pores  that  dirt  has . 


4.  What  advantage  do  face  creams  have  over  plain  olive  oil  or  lanolin? 

Lanolin  is  sticky.  Olive  oil  is  smeary. 

5.  What  effect  will  good,  wholesome  food,  plenty  of  sleep,  and  fresh  air  have  on  the  skin? 

Will  improve  skin  in  best  way  possible. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Stearic  acid.  Lanolin.  Mineral  oil.  Triethanolamine.  Carbitol  or  ethyl 
alcohol.  Oil  of  jasmine  or  some  other  flower  perfume.  Borax. 

apparatus  needed:  Balance.  Graduate.  400  ml  beaker.  150  ml  beaker.  Wire  gauze.  Ring 
and  ringstand.  Glass  stirring  rod.  Centigrade  thermometer.  Pan  or  large  beaker  for  a  water 
bath.  Bunsen  burner.  Medicine  dropper. 


In  this  experiment  you  are  going  to  prepare 
samples  of  the  three  types  of  creams,  a  cold 
cream,  a  cleansing  cream,  and  a  vanishing 
cream  or  a  brushless  shaving  cream.  You  will 
notice  that  the  methods  of  preparing  each  are 
very  similar  and  the  differences  in  texture  are 
caused  by  the  different  amounts  of  the  sub¬ 
stances  present. 

Formulas  of  creams  change,  but  their  gen¬ 
eral  composition  is  an  oil  or  fat  emulsified  in 
water.  Different  kinds  of  emulsifying  agents 
are  used.  The  final  texture  of  the  cream  will 
depend  to  a  great  extent  on  the  emulsifying 
agent  and  the  mechanical  mixing.  But  the  con¬ 
sistency  will  depend  on  the  kind  of  oil  or  fat 
present.  A  thin  cream  may  contain  a  large 
amount  of  mineral  oil,  while  a  heavier  cream 
may  contain  beeswax,  spermaceti,  or  lanolin. 

a.  Preparation  of  cold  cream.  Weigh  out  15 
grams  of  stearic  acid,  10  grams  of  lanolin,  and 
16  grams  of  mineral  oil,  and  place  all  three  in 
a  150  ml  beaker.  Place  a  large  beaker  or  pan 
to  serve  as  a  water  bath  on  the  ring  and  ring- 
stand  over  a  Bunsen  flame.  Place  your  150 
ml  beaker  in  this  water  bath.  Do  not  melt  cos¬ 
metic  ingredients  over  a  direct  flame  because 
if  they  are  heated  much  above  the  boiling  point 
of  water,  they  may  scorch  or  decompose. 

While  your  oils  are  melting,  measure  out  2 
ml  of  your  emulsifying  agent,  triethanolamine, 
and  pour  it  into  48  ml  of  water.  After  mixing 
these  two  ingredients,  place  them  in  your  400 
ml  beaker  and  heat  them  also  on  the  water 
bath.  Keep  heating  both  beakers  until  they 
have  reached  a  temperature  between  80°  and 
90°  C.  Then  you  are  ready  to  pour  the  two 
solutions  together  to  form  the  emulsion.  You 
will  get  the  best  results  if  you  pour  the  oil  into 
the  water  a  little  at  a  time,  stirring  constantly. 
If  you  pour  too  fast  or  if  you  do  not  stir,  your 
emulsion  will  be  lumpy.  Continue  stirring 
until  you  have  a  smooth,  uniform  emulsion. 

As  soon  as  your  cream  has  cooled  enough 
so  that  you  can  comfortably  hold  the  beaker  in 
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your  hand,  add  the  perfume.  Ten  drops  of  a 
flower  perfume  dissolved  in  1  ml  of  carbitol 
or  5  ml  of  ethyl  alcohol  will  be  enough.  (Do 
not  use  too  much  perfume.  It  will  cause  the 
cream  to  have  a  nauseating  smell. ) 

Allow  the  cream  to  stand  for  thirty-six  hours 
to  permit  the  stearic  acid  to  ripen.  Then  com¬ 
pare  it  with  commercial  cold  creams.  Show 
your  sample  to  your  instructor  for  his  ap¬ 
proval. 

b.  Preparation  of  cleansing  cream.  Weigh  out 
15  grams  of  stearic  acid,  4  grams  of  lanolin, 
and  25  grams  of  mineral  oil,  and  place  them  in 
a  150  ml  beaker  on  a  water  bath.  While  these 
ingredients  are  melting,  measure  out  2  ml  of 
triethanolamine  into  50  ml  of  water,  place 
these  in  a  400  ml  beaker,  and  heat  on  the  water 
bath  with  the  other  beaker.  Continue  heating 
both  of  your  beakers  until  the  mixtures  have 
reached  a  temperature  between  80°  and  90°  C. 
Then  pour  the  melted  oils  slowly  into  the 
water  solution,  stirring  vigorously.  Keep  on 
stirring  until  a  uniform  emulsion  has  been 
obtained. 

Allow  the  emulsion  to  cool  a  bit  and  add  10 
drops  of  perfume  dissolved  in  1  ml  of  carbitol 
or  5  ml  of  ethyl  alcohol.  Keep  on  stirring  until 
the  cream  is  cold.  Allow  it  to  ripen  for  thirty- 
six  hours  and  then  compare  it  to  the  texture 
of  your  cold  cream  and  to  commercial  cleans¬ 
ing  creams.  Show  your  sample  to'  your  in¬ 
structor  for  his  approval. 

c.  Preparation  of  vanishing  cream.  Weigh  out 
20  grams  of  stearic  acid,  4  grams  of  lanolin, 
and  5  grams  of  mineral  oil  into  a  150  ml 
beaker.  Melt  these  ingredients  on  a  water  bath 
in  the  same  way  as  you  did  in  Parts  a  and  b. 
Measure  out  2  ml  of  triethanolamine  into  60 
ml  of  water,  and  heat  in  a  400  ml  beaker  on 
the  water  bath.  When  both  solutions  have 
reached  a  temperature  between  80°  and  90°  C., 
pour  them  together,  using  the  same  procedure 
as  in  Parts  a  and  b.  When  the  emulsion  is 
partly  cool,  add  10  drops  of  perfume  dissolved 
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in  1  ml  of  carbitol  or  5  ml  of  ethyl  alcohol  and 
stir  until  cool.  Allow  it  to  ripen  as  before  and 
then  compare  it  with  the  other  creams  you 
have  prepared  and  also  with  commercial  van¬ 
ishing  creams.  Show  your  sample  to  your  in¬ 
structor  for  his  approval. 
d.  Preparation  of  brushless  shaving  cream. 
Weigh  out  20  grams  of  stearic  acid,  3.5  grams 
of  lanolin,  and  9  grams  of  mineral  oil  into  the 
150  ml  beaker.  Melt  these  ingredients  on  a 
water  bath  in  the  same  way  as  you  did  in  pre¬ 
paring  other  face  creams.  While  these  are 
melting,  measure  out  2  ml  of  triethanolamine, 

Approved.  Part  a . Part  b . 
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2  grams  of  borax,  and  63  ml  of  water.  Put 
them  in  your  400  ml  beaker  and  heat  on  the 
water  bath.  When  both  solutions  reach  a  tem¬ 
perature  between  80°  and  90°  C.,  pour  them 
together  with  vigorous  stirring.  Keep  stirring 
until  a  uniform  emulsion  has  been  obtained. 
Then  add  10  drops  of  perfume  dissolved  in 
1  ml  of  carbitol  or  5  ml  of  ethyl  alcohol.  Allow 
it  to  ripen  for  thirty-six  hours.  Compare  this 
shaving  cream  with  the  vanishing  cream  and 
with  commercial  brushless  shaving  creams. 
Show  your  sample  to  your  instructor  for  his 
approval. 

. Part  c . Part  d . 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  State  the  purpose  of  triethanolamine  in  a  face  cream. 


2.  What  is  the  value  of  lanolin,  mineral  oil,  and  stearic  acid  in  a  cream? 

skin.  Mineral  oil  is  lubricant.  Stearic  acid  adds  body. 


tjp  4-pv* 

3.  Name  the  commonest  ingredient  in  most  face  creams . 

4.  What  makes  many  face  creams  so  expensive?  . ^C. ^ _S A15® *. . . . . ®. . 

costs  are  very  high. 

5.  What  should  be  the  most  important  characteristic  of  (a)  cold  cream?  . 


b)  Cleansing  cream?  ..Cleanse  skin. 


c) 


TT  .  ,  .  0  Serve  as  powder  base. 

Vanishing  cream:  . . . 


d )  Brushless  shaving  cream? 


Soften  face  hair  for  shaving. 
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CONSUMER  APPLICATIONS 

1.  Should  the  condition  of  a  skin  determine  the  type  of  cream  to  be  used?  Why? 

Dry  skin  needs  different  type  of  cream  frcm  that  needed  by  moist  or  oily  skin. 


2.  What  would  you  recommend  for  a  skin  that  is  sallow? 

else,  fresh  air. . 


3.  What  would  you  recommend  for  a  skin  marred  by  black-heads? 

vater.  If  blackheads  persist,  see  doctor. 


4. 


List  the  characteristics  that  are  important  in  selecting  face  creams. 


Lew  cost.  No 


harmful  ingredients.  Melting  point  below  body  temperature .  Pleasant  odor. 
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Experiment  34 

What  is  a  good  face  powder? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“Is  my  powder  on  straight?”  That  phrase 
may  not  make  much  sense,  yet  it  is  used  many 
times  a  day,  not  only  by  the  small  girl  who 
sometimes  looks  as  if  her  face  had  just  come 
out  of  a  flour  barrel  but  also  by  the  elderly 
lady  who  feels  that  powder  will  conceal  some 
skin  blemishes  that  age  has  given  her. 

The  use  of  face  powder  to  cover  the  skin  is 
very  old.  Various  kinds  of  materials  have  been 
used  in  making  powder,  ranging  from  the  dif¬ 
ferent  flours  and  starches  of  a  hundred  years 
ago  to  the  present  ones  of  chalk,  talc,  and  clay. 

1.  Should  a  water-soluble  material  be  used 

in  moisture  on  skin. 


Answer  the  following  questions  before  do¬ 
ing  the  experiment.  Also  refer  to  your  chem¬ 
istry  book. 

Chemistry  and  Its  Wonders,  p.  54 
Chemistry  for  Secondary  Schools,  pp.  379, 
429 

Dynamic  Chemistry,  p.  402 

First  Book  in  Chemistry,  pp.  397,  439 

Modern  Chemistry,  pp.  20-22 

Modern  Everyday  Chemistry,  pp.  384-385 

Modern-Life  Chemistry,  pp.  492-494 

New  Practical  Chemistry,  pp.  407,  562 

a  face  powder?  Why? 


in 

Give  streaky  appearance. 


2.  Many  dyes  are  poisonous.  What  kind  of  coloring  matter  should  be  used  in  face  powder? 

Only  non-poisonous  or  U.  S.  certified. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Precipitated  chalk.  Talc.  Kaolin.  Magnesium  stearate.  Magnesium  car¬ 
bonate.  Perfume.  Coloring  matter  (U.  S.  certified). 

apparatus  needed:  Balance.  Large  piece  of  paper.  Spatula  or  large  bottle. 


In  making  a  face  powder  two  things  are  im¬ 
portant:  (1)  the  type  of  materials  used  and 
( 2 )  the  mechanical  mixing  of  these  materials. 
Weigh  out  5  grams  of  precipitated  chalk,  28 
grams  of  talc,  10  grams  of  kaolin,  5  grams  of 
magnesium  stearate,  and  2  grams  of  magne¬ 
sium  carbonate.  Place  these  on  a  sheet  of  clean 
paper  and  mix  with  your  spatula,  or  place 
them  in  a  large  bottle  and  shake. 

After  you  have  mixed  all  the  ingredients, 
you  can  then  color  the  powder.  The  coloring 
matter  used  should  be  a  United  States  certi¬ 


fied  non-poisonous  water-insoluble  dye.  (The 
color  in  the  face  powder  depends  upon  the 
individual  desires  of  the  user.  Many  different 
shades  appear  on  the  market.)  Add  coloring 
matter,  being  careful  not  to  add  too  much  at 
one  time.  Blend  it  with  a  spatula,  working 
it  into  the  powder  until  the  desired  shade  is 
obtained. 

Sprinkle  the  powder  with  any  perfume  you 
desire  after  you  have  mixed  the  materials. 
Show  your  sample  to  your  instructor  for  his 
approval.  Approved . 
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CONCLUSIONS  FROM  THE  EXPERIMENT 


1.  What  would  happen  if  you  used  a  water-soluble  dye  in  face  powder? 

dissolve  in  moisture  on  skin  and  become  streaked. 


Color  would 


2.  Why  is  it  important  to  blend  face  powders  thoroughly? 


Get  uniform,  color. 


3.  Explain  why  kaolin,  chalk,  and  talc  are  preferable  to  starch  and  flour  in  face  powder. 
Will  not  cause  dryness  or  irritation  on  most  skins.  Starch  and  flour  form 

paste  when  moist. 


4.  Are  physical  or  chemical  means  used  in  making  face  powder?  .  Give  a 

r  No  chemical  change  takes  place  in  blending  ingredients. 

reason  for  your  answer . . .. . . 


CONSUMER  APPLICATIONS 

1.  What  things  should  guide  you  in  selecting  a  face  powder?  . 

dients.  Non-poisonous  coloring.  No  starch  or  flour.  Satisfactory  odor.  Low 

cost . 


2.  Why  are  there  different  prices  for  face  powders?  9.9®^.. 
butinggreater  for  seme  brands  than  others. 


3.  What  is  the  most  expensive  part  of  the  process  of  making  face  powder? 


gradients . 
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Experiment  35 

What  characteristics  are  important  in  lipsticks? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  is  the  purpose  of  lipstick?  Is  its  use 
always  harmful?  Are  some  types  dangerous  to 
use,  while  others  are  not?  How  can  you  judge 
the  quality  of  lipstick? 

Today  lipsticks  play  an  important  part  in 
make-up.  A  recent  survey  of  several  thousand 
women  showed  that  nine  out  of  ten  of  them 
were  lipstick  users.  Whether  or  not  lipsticks 
have  any  value  outside  of  style  depends  on  the 
needs  of  the  individual  user  as  well  as  the  com¬ 
position  of  the  lipsticks. 

At  present  considerable  stress  is  placed  on 
the  indelibility  of  lipsticks.  This  is  obtained  by 
using  a  “bromo-acid,”  which  is  an  aniline  dye 
with  a  tendency  to  dry  the  lips  and  make  them 
sensitive  to  light. 


Before  doing  the  experiment,  answer  the 
following  questions.  Also  refer  to  your  chem¬ 
istry  book. 

Chemistry  and  Its  Wonders,  pp.  487,  494 
Chemistry  and  You.  pp.  570-572 
Chemistry  for  Secondary  Schools,  pp.  67,  290, 
292,  479 

Chemistry  in  Use.  p.  523 
Dynamic  Chemistry,  pp.  607,  630 
First  Book  in  Chemistry,  pp.  72,  536,  560 
First  Principles  of  Chemistry,  pp.  452,  462 
Modern  Chemistry,  p.  690 
Modern  Everyday  Chemistry,  p.  385 
Modern-Life  Chemistry,  pp.  572,  622,  658-661 
New  Practical  Chemistry,  pp.  428,  562 
New  World  of  Chemistry,  pp.  567,  633-634 


1.  Should  a  person  whose  lips  have  a  tendency  to  sunburn  use  an  indelible  or  plain  lipstick? 
Plain  Why?  Brc®10-®10**3-  dyes  in  indelible  lipsticks  make  lips 

more  sensitive  to  light. 


2.  What  type  of  coloring  matter  should  be  used  in  lipsticks?  ^9I1.“P.?A8. 9599®. . . _9?. . .?.! . . • 

certified. 


3. 


What  is  the  purpose  of  an  indelible  lipstick? 


Will  not  rub  off  easily. 


4.  Should  the  taste  of  lipstick  be  considered?  Why?  -?0^ue.-.t°uohe8...11P.s.-...L1.?- 

stick  tasted. 


5.  Is  the  type  of  container  important  in  a  lipstick?  ..X®8 ...  Give  your  reasons. 
to  use  than  others.  Can  get  more  out  of  seme  than  others. 


145 


35 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Mineral  oil.  Lanolin.  Ceresin  wax.  Iso-Ian.  Carmine  No.  40,  or  U.  S.  cer¬ 
tified  color.  Two  brands  of  lipstick. 

apparatus  needed  :  150  ml  beaker.  Bunsen  burner.  Wire  gauze.  Pan  or  large  beaker  for  water 
bath.  Ring  and  ringstand.  3-inch  test  tubes.  Balance. 


a.  Preparation  of  lipstick.  Lipsticks  are  very 
similar  to  cosmetic  creams  in  their  prepara¬ 
tion.  Measure  out  3.5  grams  of  ceresin,  1.5 
grams  of  lanolin,  1  gram  of  iso-Ian,  and  3 
grams  of  mineral  oil  in  a  150  ml  beaker.  Heat 
the  contents  of  the  beaker  on  a  water  bath 
until  they  melt.  Mix  in  Vi  gram  of  carmine. 
The  amount  of  color  added  determines  the 
shade  produced.  As  soon  as  the  ingredients  in 
the  beaker  have  melted,  pour  them  into  3-inch 
test  tubes,  which  will  serve  as  molds.  Allow 
them  to  stand  over  night  to  harden.  The  sticks 
may  then  be  removed  from  the  mold  by  dipping 
in  boiling  water  for  a  few  seconds.  Show  your 
samples  to  your  instructor  for  his  approval. 
Approved . 


b.  Testing  commercial  lipsticks.  After  you 
have  prepared  lipstick,  compare  it  with  com¬ 
mercial  varieties.  Get  two  different  brands  of 
lipstick.  Weigh  the  container  and  contents  of 
each  and  record  the  weight  in  the  table.  Test 
each  one  by  using  it  on  either  the  lips  or  hands, 
keeping  in  mind  smoothness,  stickiness,  smear¬ 
iness,  taste,  and  odor.  Judge  each  one  accord¬ 
ing  to  your  personal  desires  as  satisfactory  or 
unsatisfactory. 

Remove  as  much  of  the  lipstick  from  the 
container  as  you  would  if  you  were  using  it. 
Then  weigh  the  container  and  any  lipstick  that 
would  not  come  out.  Record  the  weight.  Cal¬ 
culate  the  weight  of  available  lipstick.  Deter¬ 
mine  the  cost  per  gram  of  each  sample. 


Brand 

Cost 

• 

Weight  of  container  and 
lipstick 

Weight  of  container 

Weight  of  available  lip¬ 
stick 

Cost  per  gram  of  lipstick 

Indelible  or  plain 

Smoothness  ( satisfac¬ 
tory  or  unsatisfactory ) 

Tendency  to  smeariness 
or  stickiness 

Taste  ( satisfactory  or 
unsatisfactory ) 

Odor  ( satisfactory  or 
unsatisfactory ) 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  smoothness  have  on  the  value  of  a  lipstick?  . 

it  look  better  when  applied. 

2.  What  effect  does  stickiness  or  smeariness  have  on  the  value  of  a  lipstick?  . 

it.  Makes  it  stick  to  lips  and  spread  without  smearing. 


„  o,  ,  ,i  t  i  •  v  .•  i  Lubricant.  Medium  for  distributing 

3.  State  the  purpose  of  mineral  oil  m  a  lipstick . 

color. 

4.  State  the  purpose  of  ceresin  in  lipstick.  9^.77 . . .  7° . .m7n®r&7 . ®  f 7* . 


5.  What  type  of  perfume  should  be  used  in  a  lipstick?  . 9^®. . .  Y777 . . ® ^7 . . ?^or. . .779 

good  taste. 

6.  Which  of  the  lipsticks  that  you  tested  would  you  prefer  to  use?  ...(Y779.779®  r. . 


Why? 


(Answer  should  include  material  in  questions  1  to  5  above.  Also  cost.) 


CONSUMER  APPLICATIONS 

1.  What  characteristics  should  guide  you  in  selecting  a  lipstick?  . NOI1"P ° iS °n°.Uf . . .?.7.1.7r_ 1 06 * 
Ease  of  application.  Proper  amount  of  smoothness  and  stickiness.  Absence  of 

smeariness.  Avoid  bromo-acid  dyes  if  they  irritate  the  lips.  Low  cost. 
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2.  What  type  of  lipstick  should  be  avoided?  .®a.l.C.on^in1^  .p.oiS<?OUa  °olorlng . 

matter.  If  the  lips  are  subjected  to  much  sunlight,  it  might  be  advisable  to 


avoid  bromo-acid  dyes. 


3.  Is  the  dye  in  a  lipstick  necessary  if  the  preparation  is  to  be  used  to  ease  cracked  lips? 

No  Has  no  affect  on  softening  and  soothing  cracked  lips. 

.  Give  your  reason . 

Only  oil  will  ease  them. 
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Textiles 


What  are  textiles?  How  many  different  kinds  are  there?  What  materials  are  used  in 
making  textiles?  Why  are  some  fabrics  cheap  and  others  expensive?  Why  will  some 
keep  you  warm  and  others  keep  you  cool? 

A  textile  is  a  woven  or  knitted  fabric  made  from  a  raw  material  that  can  be  spun  into 
yarn.  Any  raw  material  that  can  be  spun  or  drawn  into  yarn  is  usually  referred  to  as  a  fiber. 
Considering  the  many  different  kinds  of  cloth  on  display  in  stores,  you  may  think  that  there 
are  an  enormous  number  of  fibers.  But  that  is  not  true.  There  are  only  four  classes  of  raw 
fibers  (animal,  vegetable,  mineral,  and  synthetic)  from  which  all  materials  are  made. 

Animal  and  vegetable  fibers  are  best  known  and  have  been  used  for  centuries.  Mineral 
fibers,  of  which  asbestos  is  the  most  important,  are  used  for  fire-proofing  and  insulating 
materials  and  for  decoration.  Spun  glass,  gold,  and  silver  are  also  mineral  fibers. 

Perhaps  the  most  interesting  fibers  are  those  made  synthetically,  probably  because  they 
are  new  and  different.  It  is  hard  to  imagine  wood  chips,  corn  stalks,  and  sugar-cane  waste 
converted  into  a  glamorous  evening  gown.  Yet  thousands  of  yards  of  artificial  silk  are  made 
from  such  things  every  year.  In  making  artificial  silk,  machines  practically  imitate  the  silk¬ 
worm. 

Are  there  any  ways  in  which  you  can  be  misled  in  buying  clothing?  How  can  you  be 
sure  that  you  are  getting  linen  when  you  ask  for  it?  Is  it  possible  to  prepare  cotton  fibers 
so  that  they  look  like  linen  or  like  wool?  Can  synthetic  fibers  be  made  to  resemble  very 
closely  a  high  grade  of  heavy  silk?  You  will  find  the  answer  to  these  and  similar  questions 
in  this  unit. 
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USING  A  MICROSCOPE 


In  two  of  the  experiments  of  this  unit  you 
will  use  a  microscope  to  examine  different 
fibers.  It  is  an  expensive  instrument  that  must 
be  handled  gently.  If  you  have  not  used  one 
before  in  your  science  work,  read  the  follow¬ 
ing  directions  carefully. 

1.  Use  the  low  power  (shorter  objective) 
first.  With  the  coarse  adjustment  lower  the 
tube  until  it  is  about  14  inch  from  the  glass 
slide.  Watch  from  the  side  as  you  do  this  so 
as  not  to  crush  the  material  on  the  slide  or 
scratch  the  lens. 

2.  Look  through  the  eyepiece.  If  you  can¬ 
not  see  a  circle  of  light,  move  the  mirror  until 
you  can. 


3.  Slowly  move  the  tube  upward  with  the 
coarse  adjustment  while  looking  through  the 
eyepiece.  Stop  when  you  see  anything.  Focus 
carefully  until  you  can  see  well.  Use  the  fine 
adjustment  if  necessary. 

4.  For  very  high  magnification,  focus  the 
low-power  objective.  Then  revolve  the  objec¬ 
tive  holder  to  bring  the  high-power  objective 
into  place.  Focus  carefully  with  the  fine  ad¬ 
justment. 

5.  To  see  objects  clearly  you  must  keep  the 
lenses  of  the  microscope  clean.  Do  not  touch 
them  with  your  fingers.  If  the  lenses  need 
cleaning,  use  a  piece  of  lens  paper  or  other 
material  that  will  not  scratch  them. 


COARSE  ADJUSTMENT 

USE  TH/S  TO  MOYE  TUBE  DOWN 
AND  THEN  UP  WH/LE  FOCUS /N 6 
AT  F/PST. 


FINE  ADJUSTMENT 

TURN  BACK  AND  FOPTN  A 
B/T  FOB  CAREFUL  F0CUS/N6 . 


ARM 

L/FT  THE  /NSTBUNfENT 
CABEFUL LY  BY  TH/S  WHEN 
MOY/NG  /T  FROM  PLACE 
TO  PLACE. 


STAGE 


TO  NOLO  SL/DES 


JOINT 

/F  NECESSARY  /N  OB  DEB 
70  SEE  EAS/LY,  T/LT  UPPER 
PART  OF  /N STRUM  ENT  BACK 
FROM  TH/S  PO/NT. 


EYEPIECE 


TUBE 


HIGH- POWER  OBJECTIVE 

USE  ONLY  AFTER  LOCAT/NG 
MATER/A L  W/TH  LOW  POWER. 
TURN  HOLDER  TO  SW/N6  /NTO 
PLACE. 


LOW-POWER  OBJECTIVE 

ALWAYS  USE  TH/S  F/RST. 
/T  OFTEN  MAGN/F/ES  AS  MUCH 
AS  NECESSARY. 


MATER /A L  TO  BE  EXAM /NED, 
LY/NG  ON  STR/P  OF  GLASS, 
THE  M/CROSCOPE  SL/DE 


L/GHT  FROM  A  W/NDOW  OR  LAMP. 
DOES  NOT  NEED  TO  BE  STRA/GHT 
/N  FRONT,  BECAUSE  M/RROR  CAN 
BE  TURNED  /N  ANY  D/RECT/ON. 


MIRROR 
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SUGGESTIONS  FOR  TEACHING  UNIT  8 


The  use  of  various  types  of  fibers,  both  natural 
and  synthetic,  for  the  manufacture  of  cloth  in¬ 
creases  the  consumer’s  purchasing  problems.  Al¬ 
though  beauty  is  quite  often  the  only  feature 
considered  in  selecting  materials,  wearability  is  of 
the  utmost  importance.  Unless  a  buyer  knows 
what  to  expect  and  what  to  look  for  in  the  cloth¬ 
ing  he  buys,  he  really  is  unable  to  make  a  wise 
or  satisfactory  selection.  The  experiments  in  this 
unit  are  designed  to  help  consumers  in  under¬ 
standing  textiles. 

OBJECTIVES  OF  THE  UNIT 

1.  To  find  out  what  fibers  are  used  in  making 
textiles  (Exp.  36,  37,  38,  39) . 

2.  To  establish  standards  for  judging  the  qual¬ 
ity  of  cotton,  linen,  wool,  silk,  and  rayon  fabrics 
(Exp.  36,  37,  38,  39). 

3.  To  learn  how  cotton,  linen,  wool,  silk,  and 
rayon  fabrics  may  be  identified  (Exp.  36,  37,  38, 
39). 

4.  To  determine  the  best  uses  for  cotton,  linen, 
wool,  silk,  and  rayon  (Exp.  36,  37,  38) . 

5.  To  become  acquainted  with  the  methods 
used  for  dressing  or  changing  the  appearance  of 
different  fabrics  (Exd.  36,  38,  39) . 

6.  To  study  the  effect  that  weave  has  on  the 
strength  and  wearing  qualities  of  the  fabric  (Exp. 
37). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  Physical  tests  for  the  different  fibers  (Exp. 
36,  37,  38,  39). 

2.  The  effect  of  solvents,  such  as  acetone,  acids, 
bases,  and  water,  on  different  fibers  (Exp.  36, 
38,  39). 

3.  The  reaction  of  sodium  hydroxide  with  cot¬ 
ton  (Exp.  36) . 

4.  Tests  for  weighted  silk  and  rayon  (Exp.  38, 
39). 

5.  Chemical  tests  for  fibers  (Exp.  36,  38,  39) . 

6.  The  method  of  determining  the  thread  count 
of  fabrics  (Exp.  37) . 

7.  Physical  and  chemical  tests  for  adulterants 
sometimes  found  in  woolens  (Exo.  39) . 

8.  The  chemical  process  of  changing  the  ap¬ 
pearance  of  a  fabric  (Exo.  36,  37,  38,  39) . 

9.  The  use  of  a  microscope  (Exo.  38) . 

HINTS  TO  THE  TEACHER 

Experiment  36.  Prepare  your  solutions  before 
the  beginning  of  the  class  period.  These  should 
include  5%  lead  acetate  solution,  10%  sodium 
hydroxide  solution,  concentrated  hydrochloric 
acid,  and  concentrated  sulfuric  acid.  The  lead 
acetate  and  sodium  hydroxide  solutions  should  be 


prepared  by  weighing  the  solid  and  dissolving  it 
in  the  proper  amount  of  water.  A  variation  of  2% 
or  3%  will  cause  no  noticeable  difference  in  the 
results.  These  solutions  will  also  be  needed  in 
Experiment  38. 

The  cotton  and  linen  cloth  should  be  cut  into 
two-inch  squares,  preparing  enough  for  the  whole 
class.  Demonstrate  the  use  of  the  microscope,  re¬ 
ferring  to  the  laboratory  help  on  page  150. 

It  is  not  absolutely  necessary  to  use  a  micro¬ 
scope  in  this  experiment  or  in  the  others.  You 
may  omit  this  test  if  you  wish.  However,  students 
will  understand  more  about  different  fibers  if  they 
have  an  opportunity  to  examine  them. 

Experiment  37.  Cut  the  broadcloth,  linen  sheet¬ 
ing,  or  cotton  cloth  into  two-inch  squares.  Pre¬ 
pare  enough  for  the  whole  class  as  in  the  previous 
experiment. 

Experiment  38.  Prepare  the  cloth  samples  as  in 
the  other  experiments.  The  solutions  needed  here 
were  prepared  in  Experiment  36,  except  acetone, 
which  is  needed  in  testing  silk  and  rayon. 

Experiment  39.  Be  sure  to  get  two  different 
qualities  of  woolen  cloth  for  this  experiment.  Cut 
the  cloth  into  squares  as  in  the  other  experiments. 
Prepare  50  ml  of  2%  sulfuric  acid  solution. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

Vz  yd.  each,  wool,  silk,  rayon,  cotton,  linen 

4  samples  of  broadcloth,  linen  sheeting,  or 

cotton  cloth 

3  samples  of  wool  fabric  (worsted,  woolen, 
and  a  mixture) 

5  gm  lead  acetate 

10  gm  sodium  hydroxide  pellets 

100  ml  hydrochloric  acid,  concentrated 
60  ml  sulfuric  acid,  concentrated 
25  ml  olive  oil  or  glycerine 

100  ml  acetone 
1  bottle  ink 
30  sheets  large  paper 

litmus  paper  (red  and  blue) 
filter  paper 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

5  forceps  or  tongs 
5  Bunsen  burners 
1  microscope 
10  glass  slides 
15  test  tubes 
5  rings  and  ringstands 
5  wire  gauzes 
5  medicine  droppers 
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1  pair  scissors 
chalk  or  pencils 
5  rulers 

5  400-ml  beakers 
5  funnels  (3  in.) 

1  electric  iron 

SUGGESTED  PROJECTS 

1.  Making  rayon. 

2.  Mercerizing  cotton. 

3.  Making  a  spinning  wheel. 

4.  Preparing  linen  from  flax. 

5.  Preparing  yarn  from  wool. 

6.  Testing  and  comparing  textiles  not  tested  in 
the  book. 

7.  Testing  the  composition  of  mixed  fabrics. 


SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  What  are  textiles? 

2.  What  are  the  most  important  qualities  to  be 
considered  in  buying  textiles? 

3.  What  things  are  to  be  considered  in  buying 
cotton  fabrics? 

4.  Explain  the  value  of  the  following:  length  of 
fiber,  thread  count,  sizing,  kind  of  weave,  color¬ 
fastness. 

5.  What  are  the  qualities  in  which  linen  excels 
cotton? 

6.  How  can  you  judge  the  wearability  and 
warmth  of  a  piece  of  woolen  goods? 

7.  How  are  textiles  adulterated? 

8.  What  are  the  advantages  that  rayon  has  over 
silk? 

9.  What  are  the  most  important  uses  of  cotton, 
linen,  wool,  silk,  and  rayon  fabrics? 
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Experiment  36 

How  can  you  tell  cotton  from  linen? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  do  you  buy  a  certain  shirt  or  piece  of 
yard  goods?  Most  of  us  make  our  selections 
because  of  the  appearance  of  the  finished  prod¬ 
uct  rather  than  by  judging  the  quality  of  the 
goods.  There  are  many  ways  of  “dressing  up” 
a  fiber  to  make  it  look  different.  Starch  is  added 
to  cotton  to  give  it  a  firm  finish.  F ats,  oils,  gly¬ 
cerine,  and  waxes,  when  mixed  with  a  fiber, 
give  a  smooth,  flexible  appearance.  If  the  cloth 
is  light  in  weight,  clay  may  be  added  to  make 
it  heavier  and  more  durable-looking.  A  solu¬ 
tion  of  sodium  hydroxide  is  used  to  make  cot¬ 
ton  cloth  transparent. 

Cotton  can  be  made  to  look  like  linen  by  siz¬ 
ing  it  and  then  running  it  through  marked 
rollers.  Linen  feels  smooth  and  cool  and  has 
a  natural  beauty.  It  is  free  from  lint  and  does 
not  stain  easily.  Towels  and  handkerchiefs  are 
made  from  linen  because  the  linen  fibers  are 
able  to  absorb  water  quicker  than  any  other 
fiber. 

Cheap  blankets,  bathrobes,  and  sweaters 
may  be  cotton  in  another  form.  The  fibers 
have  been  roughed  and  combed  to  give  them 
the  fuzzy  appearance  of  wool. 


Of  course  cotton  is  valuable  and  useful  for 
certain  purposes.  But  no  matter  what  is  done 
to  it,  it  is  still  cotton  and  will  wear  and  act  like 
cotton.  The  first  time  an  imitation  is  washed, 
it  shows  its  cotton  characteristics.  If  you  want 
to  buy  a  linen  towel,  how  can  you  be  sure  you 
are  getting  linen?  Is  there  any  way  you  can 
tell  “dressed  up”  cotton  from  linen? 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  506-507 
Chemistry  and  You.  pp.  183-187,  273-276,  677- 

678 

Chemistry  at  Work.  pp.  462-463 
Chemistry  for  Secondary  Schools,  p.  346 
Chemistry  in  Use.  pp.  275,  506-510 
Dynamic  Chemistry,  pp.  303,  372-374,  715 
First  Book  in  Chemistry,  pp.  543-544 
First  Year  of  Chemistry,  pp.  535-536 
Modern  Chemistry,  pp.  716-722 
Modern  Everyday  Chemistry,  pp.  392-409 
Modern-Life  Chemistry,  pp.  677-678 
New  Practical  Chemistry,  pp.  126,  194,  458 
New  World  of  Chemistry,  pp.  229,  321,  622-623 


1.  Are  cotton  and  linen  animal  or  vegetable  fibers?  .„Y®®®^™.  ® . . 

2.  What  is  the  source  of  linen  fibers?  . 

3.  Why  are  linen  fibers  stronger  than  cotton  fibers?  . ^*rea^®  r  ^ ^aD5®^®r_ . 

cotton  fibers. 


4.  How  does  a  fiber  affect  the  strength  of  yarn  and  cloth? 

yarn  than  short  fibers.  Strength  of  cloth  depends  on  strength  of  yarn  and 

kind  of  weave. 
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5.  What  kind  of  weave  will  wear  the  best?  ....9.^???...™^®^™. .  Explain. 

are,  better  cloth  will  wear. 


6.  (a)  What  is  mercerized  cotton?  .9.°^...^ 
it  glossy. 

b)  How  does  mercerizing  improve  cotton? 

Cotton  will  hold  dye  better. 

7.  What  do  the  following  mean  when  found  on  the  label  of  cotton  goods:  (a)  washable? 
Nothing.  All  cotton  goods  c an  be  washed  but  some  shrink. 

b)  Pre-shrunk?  shrunk  before  being  cut  and  sewed.  May  shrink  more. 

c)  Sanftw-H-shrnnk?  Patented  shrinking  process .  Very  reliable. . 

d)  Guaranteed  not  to  shrink?  .B9Placeahle  if  ft  8hrlnl“- . 

8.  (a)  Name  three  materials  made  from  cotton.  (knsversvillvary ,)Houee . 

dresses,  aprons,  shirts,  underwear,  sheets,  curtains,  towels,  etc. 

b)  Name  three  materials  made  from  linen.  . 

lace,  etc. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Samples  of  cotton  cloth  and  linen,  cut  into  pieces  about  2  inches  square.  Blue 
and  red  litmus  paper.  Lead  acetate  solution.  Filter  paper.  10%  solution  of  sodium  hydroxide. 
Concentrated  hydrochloric  acid.  Ink.  Glycerine  or  olive  oil.  Concentrated  sulfuric  acid. 
apparatus  needed:  Forceps  or  tongs.  Bunsen  burner.  Microscope.  Glass  slides.  Two  test 
tubes.  400  ml  beaker.  Ring  and  ringstand.  Wire  gauze.  Medicine  dropper. 


In  this  experiment  you  are  going  to  make 
different  tests  that  will  identify  cotton  and 
linen.  After  you  have  made  each  test,  record 
your  results  in  the  table.  Be  sure  that  you 
select  characteristics  that  show  the  difference 
between  the  two  kinds  of  fibers. 

a.  Burning  test.  Hold  one  piece  of  each  kind 
of  cloth  in  a  Bunsen  flame  with  your  forceps 
or  tongs.  Compare  the  speed  with  which  each 
burns  and  notice  the  different  odors  given  off 
by  cotton  and  linen. 


b.  Litmus  test.  Dampen  two  pieces  of  red  lit¬ 
mus  and  two  pieces  of  blue  litmus  paper. 
Burn  a  piece  of  each  material  separately  and 
hold  one  blue  and  one  red  piece  of  litmus  pa¬ 
per  in  the  smoke  above  it.  Notice  the  effect  on 
litmus. 

c.  Lead  acetate  test.  Wet  a  piece  of  filter  pa¬ 
per  with  lead  acetate  solution.  Burn  a  piece 
of  each  cloth  and  hold  the  filter  paper  in  the 
smoke.  Notice  the  effect  that  the  smoke  has  on 
lead  acetate. 
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d.  Solubility  tests.  Sodium  hydroxide.  Place 
one  piece  of  cotton  and  one  of  linen  in  sepa¬ 
rate  test  tubes.  Cover  each  piece  with  from 
5  to  10  ml  of  a  10%  solution  of  sodium  hydrox¬ 
ide.  Fill  your  400  ml  beaker  half  full  of  water 
and  heat  it  to  boiling  on  a  wire  gauze  sup¬ 
ported  by  a  ring  and  ringstand.  Place  the 
tubes  in  the  beaker  and  leave  them  there  for 
ten  minutes.  Pour  off  the  hydroxide  solution 
and  notice  whether  or  not  the  fibers  have  dis¬ 
solved. 

Hydrochloric  acid.  Repeat  this  procedure,  us¬ 
ing  concentrated  hydrochloric  acid  instead  of 
sodium  hydroxide.  Notice  whether  or  not  the 
fibers  are  soluble  in  the  acid. 

e.  Sizing  test.  Rub  a  piece  of  each  cloth  be¬ 
tween  your  hands.  If  you  see  a  white  powder 
or  dust  on  your  hands  or  in  the  air,  the  cloth 
has  been  sized. 

f.  Ink  or  water  spot  test.  (If  your  samples 
contain  sizing,  be  sure  that  it  is  removed  be¬ 
fore  you  do  this  test. )  Use  a  medicine  dropper 
to  place  a  small  drop  of  ink  or  water  on  each 


of  the  pieces.  Notice  which  cloth  forms  round 
spots  and  which  forms  irregular  spots. 

G.  Glycerine  or  oil  spot  test.  Place  a  drop  of 
glycerine  or  olive  oil  on  each  of  two  different 
pieces  with  a  medicine  dropper.  Press  out 
the  excess  glycerine  or  oil  between  two  filter 
papers.  Examine  the  pieces  against  a  dark 
background.  Notice  which  is  translucent  and 
which  is  opaque. 

h.  Sulfuric  acid  test.  Place  a  piece  of  each 
cloth  in  separate  test  tubes  and  cover  with 
cold  concentrated  sulfuric  acid.  Notice  the 
speed  with  which  each  sample  dissolves. 

i.  Microscope  test.  Unravel  a  piece  of  each 
material.  Mount  one  of  the  fibers  on  a  glass 
slide  and  examine  it  carefully  under  the  micro¬ 
scope.  (Read  Using  a  Microscope  on  p.  150 
for  additional  help. ) 

In  the  space  provided  in  the  table  make 
a  sketch  to  show  the  appearance  of  the  fiber. 
Repeat  with  the  fibers  of  the  other  piece.  Com¬ 
pare  the  two  sketches,  noticing  the  difference 
between  cotton  and  linen. 


TEST 

COTTON 

LINEN 

Burning 

Same  as  linen 

Same  as  cotton 

Litmus 

Blue  to  red 

Blue  to  red 

Lead  acetate 

None 

None 

Sodium  hydroxide 

None 

None 

Hydrochloric  acid 

Dissolves  slowly 

Dissolves  slowly 

Sizing 

(Depends  on  sample) 

(Depends  an  sample ) 

Ink  or  water  spot 

Irregular  spot 

Round  spot 

Glycerine  or  oil  spot 

Opaque  spot 

Translucent  spot 

Sulfuric  acid 

Dissolves  fast 

Dissolves  slowly 

Microscope 

(Flat,  twisted  fibers ) 

(Round,  uneven  fibers ) 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  List  the  chemical  tests  used  to  distinguish  cotton  from  linen.  . 

ton  dissolves  fast,  linen  slowly. ) 

2.  What  physical  tests  distinguish  cotton  from  linen?  S.1?0®1!.1.11®.. 

or  oil  spot,  microscope 


CONSUMER  APPLICATIONS 


1.  Both  linen  and  cotton  are  used  in  the  following  articles.  State  the  advantage  that  each  has. 


ARTICLES 

LINEN 

COTTON 

Towels 

Absorbs  water  quickly 

Cheap 

Neckties 

Strong,  holds  shape 

Cheap 

Summer  dresses 

Cool,  strong 

Cheap 

Children’s  clothes 

Cool,  strong 

Cheap 

Draperies 

Holds  shape 

Cheap 

2.  What  uses  are  particularly  suited  to  cotton?  ,CheaP. ^.tic.leLB^ 
heavy  sheets,  kitchen  curtains,  underwear,  towels,  etc. 


3.  State  the  uses  best  suited  to  linen,  . 

sheets  and  towels,  summer  clothing,  etc. 

4.  (a)  If  you  were  buying  a  linen  tablecloth,  what  questions  should  you  ask  the  salesclerk? 
Is  tablecloth  made  of  linen?  Has  sizing  been  added  to  cloth?  Is  it  a  mixture 

of  fibers? 


b)  What  things  should  you  look  for  on  the  cloth?  A  *. . . ! 

absence  of  irregularities .  3 .  Presence  of  cotton. 
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Experiment  37 

How  can  you  determine  the  wearing  ability  of  linen  and  cotton? 


PREPARING  YOURSELF 

How  can  you  select  the  best  piece  of  cotton 
or  linen?  Is  there  any  way  that  you  can  tell 
how  well  a  piece  of  cotton  or  linen  will  wear? 

Cloth  is  stronger  than  the  thread  from  which 
it  is  made  because  thread  is  made  by  twisting 
fibers  together  into  single  strands.  A  single 
strand  is  known  as  a  number  one  yarn.  When 
two  single  strands  are  twisted  together  to  get 
greater  strength,  the  yarn  is  two-ply  and  is 
known  as  number  two  yam.  Three  strands  are 
known  as  number  three. 

The  number  of  twists  to  each  inch  of 
thread  determines  the  hardness  of  the  thread. 
Threads  are  usually  sold  as  “hard  twist”  or 
“soft  twist.” 

Cotton  yam  is  also  graded  by  its  fineness, 
known  as  “yam  count.”  This  refers  to  the 
number  of  yards  of  thread  found  in  one  pound. 
A  pound  of  cotton  yarn  with  a  yam  count  of 
one  is  840  yards  long.  With  a  yarn  count  of 
two  it  has  twice  the  length,  or  1680  yards,  for 
each  pound. 

Spools  of  thread  all  carry  this  information. 
The  symbol  1/30  S,  means  a  thread  of  one  ply 
with  a  yam  count  of  thirty.  To  determine  the 
length  of  a  pound  of  these  threads,  multiply  30 
by  840,  which  gives  25,200  yards. 

Likewise  the  symbol  3/60  stands  for  three- 
ply  strands  with  a  yarn  count  of  sixty.  Multi¬ 
plying  60  by  840  gives  50,400,  the  total  number 
of  yards  of  single  ply.  But  since  this  is  three 
ply,  the  length  of  one  pound  of  the  twisted 
thread  is  found  by  dividing  by  three  and  16,800 
yards  is  the  number  of  yards  in  one  pound  of 
this  yam. 

Yam  is  made  into  textiles  by  either  weaving 
or  knitting.  Weaving  is  the  interlacing  of  two 
yarns  at  right  angles  to  each  other.  The  yarns 
running  lengthwise  are  called  warps,  and 


FOR  THE  EXPERIMENT 

those  running  crosswise  are  called  fillings.  A 
knitted  fabric  is  formed  by  interlacing  a  yarn 
in  loops  with  needles.  The  loops  that  run 
lengthwise  are  called  wales,  and  those  that  run 
crosswise  are  called  courses. 

The  durability  of  any  woven  fabric  can  be 
determined  by  the  thread  count.  The  higher 
the  thread  count,  the  closer  the  weave  and  the 
finer  the  thread.  All  large  retailers  buy  woven 
cloth  by  the  thread  count.  Thread  count  is  im¬ 
portant  because  it  is  the  major  factor  in  deter¬ 
mining  the  strength  and  appearance  of  many 
types  of  fabrics.  For  instance,  a  good  grade  of 
muslin  sheeting  will  have  a  thread  count  of 
70  to  80  in  the  warp  and  62  to  70  in  the  filling. 
Broadcloth  used  in  shirts  is  woven  with  twice 
as  many  threads  in  the  warp  as  in  the  filling. 
Usual  constructions  are  128  x  68,  135  x  60,  and 
144  x  76  (the  first  number  indicates  threads 
per  inch  in  the  warp;  the  second,  those  in  the 
filling ) .  Higher  counts,  found  in  more  expen¬ 
sive  shirts,  range  close  to  180  x  85.  Do  you 
use  this  method  when  you  buy  cloth? 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  506-507 
Chemistry  and  You.  pp.  561-564 
Chemistry  at  Work.  p.  346 
Chemistry  for  Secondary  Schools,  p.  346 
Chemistry  in  Use.  pp.  506-510,  516 
Dynamic  Chemistry,  p.  715 
First  Book  in  Chemistry,  pp.  543-544 
First  Year  of  Chemistry,  pp.  535-536 
Modern  Chemistry,  pp.  716-722 
Modern  Everyday  Chemistry,  pp.  392-409 
Modern-Life  Chemistry,  pp.  677-678 
New  Practical  Chemistry,  pp.  458,  461 
New  World  of  Chemistry,  pp.  622-623 


1.  What  determines  the  strength  of  a  single-ply  yarn?  . 

making  it. 
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2.  How  can  you  tell  a  two-ply  yam  from  a  four-ply  yam?  . . 9^. . 

strands .  Four-ply  made  of  four  strands . 


3.  Which  yarn  would  have  the  most  strength,  hard-twisted  or  soft-twisted? 


Why? 


More  twists  per  inch,  stronger  the  yarn. 


4.  What  determines  the  size  of  yam?  N'Jmber  of  strands  twisted  together. 


5.  (a)  What  does  the  symbol  4/60  S  cotton  yarn  stand  for?  . 79^.9 . -Y ^ . 7^.9. 

count  of  sixty. 


■I  O  (~-.C\T\  TT.I 

b )  How  many  yards  of  yarn  are  there  in  one  pound  of  this  yarn?  . 

Show  your  calculations.  a°  *  6°=  .  5°A°°  yd.  single-ply  yarn  per  ID.  50,lt00  f  4 
=  12,600  yd.  four -ply  yam  per  lb. 


EXPERIMENTING  TO  FIND  THE  FACTS 
materials  needed:  Four  samples  of  broadcloth,  linen  sheeting,  or  cotton  cloth. 
apparatus  needed:  Scissors.  Chalk  or  pencil.  Ruler. 


Cut  a  piece  slightly  larger  than  one  inch 
square  from  one  of  the  samples  and  mark  on  it 
the  warp  and  filling.  Ravel  the  square  on  all 
four  sides  until  it  measures  exactly  one  inch  in 
each  direction. 

Counting  each  thread,  ravel  out  the  length¬ 
wise  warp  threads  until  the  fabric  measures 
exactly  Vi  inch  in  the  warp  direction.  Multiply 
by  two  the  number  of  threads  unraveled  in 
order  to  obtain  the  number  of  threads  per  inch 
in  the  warp  direction.  Record  your  results  in 
the  table  on  page  157. 


On  the  piece  of  fabric  left,  ravel  out  the 
crosswise  filling  threads,  counting  each  one 
until  exactly  M>-inch  square  remains.  Multi¬ 
ply  by  two  the  number  of  threads  unraveled 
to  obtain  the  number  of  threads  per  inch  in 
the  filling  direction.  Record  your  results  in  the 
table. 

Repeat  with  the  other  samples.  Then  rate 
each  sample  by  numbers,  giving  the  sample 
having  the  highest  thread  count  a  rating  of 
one,  the  next  highest  a  rating  of  two,  and  so 
on  for  the  others. 
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NAME  _  _  DATE  PERIOD  RATING 


SAMPLES 

THREADS  PER  INCH  IN  WARP 

THREADS  PER  INCH  IN  FILLING 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Does  the  weave  have  anything  to  do  with  the  thread  count?  ...  Explain. 

the  thread  is  woven  in  cloth,  greater  the  number  of  threads  per  inch. 


2.  Why  should  you  ask  the  thread  count  of  the  cloth  you  are  buying? 


Strength  and 


wearing  quality  directly  related  to  number  of  threads  per  inch. 


CONSUMER  APPLICATIONS 

1.  What  should  the  thread  count  be  for  (a)  muslin  sheets?  . 

b)  Broadcloth  shirts?  76  ^ 

2.  How  can  a  knowledge  of  thread  counts  of  different  bed  sheets,  selling  at  different  prices, 

Gives  basis  for  deciding  between  differently 

help  you  in  deciding  which  one  to  buy ' . 

priced  sheets.  Those  with  higher  thread  count  will  wear  better.  Cheapest 
sheets  may  not  be  most  economical. 
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3.  State  some  rules  to  observe  in  buying  “white  goods,”  such  as  sheets  and  pillow  cases. 

1.  Unravel  thread  and  find  out  length  of  fiber.  2.  Ask  salesclerk  the  thread 

count.  3.  Determine  if  sizing  has  been  used  by  rubbing  cloth,  k.  Notice 
closeness  of  weave.  Read  label  to  find  out  whether  cloth  is  guaranteed 
against  shrinkage. 
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Experiment  38 

How  can  you  identify  woo/,  si/lc,  and  rayon? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  becomes  of  the  old  clothes  the  rag  man 
buys?  Do  you  know  that  you  may  be  wearing 
some  of  them  right  now? 

Old  woolen  cloth  is  shredded  and  remade 
into  new  woolen  material.  Just  how  often  this 
may  be  repeated  depends  on  the  invention  of 
machines  to  weave  short  fibers  into  cloth. 
Many  times  short  fibers  are  mixed  with  virgin 
wool  (new  wool)  and  made  into  cloth.  Woolen 
cloth  made  from  reclaimed  wool  is  called 
“shoddy.”  The  use  of  old  wool  has  made  pos¬ 
sible  the  production  of  woolen  cloth  at  a 
reasonable  cost. 

A  law  now  requires  the  manufacturers  to 
state  the  percentage  of  wool  in  their  products. 
But  the  term  “pure  wool”  means  all  wool 
though  not  necessarily  all  new  wool.  If  the 
wrinkles  do  not  come  out  of  your  woolen 
clothes  when  you  hang  them  up,  they  may 
contain  a  large  amount  of  old  wool. 

Wool  is  elastic  and  tough.  It  does  not  wear 
out  quickly.  When  twisted  into  yarn,  the  fiber 
forms  small  pockets  that  fill  with  air  and  make 
it  a  good  insulator. 

Pure  silk  is  strong,  beautiful,  and  the  most 
expensive  of  all  textiles.  Silk  fiber  is  sold  by 
the  pound  and  contains  some  gums  and  resins 
which  will  be  washed  out  when  the  silk  is  pre¬ 
pared  for  spinning  and  weaving.  To  make  up 
for  this  loss  in  weight,  the  weavers  usually  add 
tannin,  tin,  sugar,  or  iron  to  the  silk,  which 
readily  absorbs  these  materials  without  los¬ 
ing  its  silk  characteristics.  This  process  is 
known  as  weighting. 

A  small  amount  of  weighting,  less  than  25%, 
is  harmless;  but  weighting  can  be  carried  to 
excess.  One  pound  of  silk  can  be  made  to  ab- 

1.  What  are  the  sources  of  wool  fibers? 


sorb  three  or  four  pounds  of  weight.  The  more 
weight,  the  less  strength.  Sunlight,  perspira¬ 
tion,  and  salt  water  all  attack  weighted  silk.  If 
used,  it  wears  out  quickly.  If  put  away  in  stor¬ 
age,  it  cracks,  crumbles,  or  rots  to  pieces.  Most 
of  the  silk  on  the  market  today  is  weighted. 
Pure  silk  of  the  same  weight  as  the  weighted 
kind  would  be  very  expensive. 

Can  you  tell  real  silk  from  rayon?  Synthetic 
fibers  have  now  replaced  pure  silk  for  most 
purposes.  Rayon  is  the  most  important  of 
these  fibers.  It  is  made  from  wood  pulp  or 
cotton.  Closely  related  to  it,  but  more  durable, 
are  nylon  and  vinyon.  Nylon  is  made  from 
coal,  air,  and  water.  Vinyon  is  made  from  salt, 
limestone,  coke,  and  water. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  335,  511-516, 
519-520,  585 

Chemistry  and  You.  pp.  183-187,  275-276,  498, 
562-563,  678-681 

Chemistry  at  Work.  pp.  463-464 
Chemistry  for  Secondary  Schools,  p.  347 
Chemistry  in  Use.  pp.  275,  510-518 
Dynamic  Chemistry,  pp.  372-374,  487-488,  519, 
700,  716-717 

First  Book  in  Chemistry,  p.  546 
First  Year  of  Chemistry,  pp.  536-537 
Modern  Chemistry,  pp.  716-722 
Modern  Everyday  Chemistry,  pp.  392-409 
Modern-Life  Chemistry,  pp.  678-679 
New  Practical  Chemistry,  pp.  126,  194,  458, 
461-462 

New  World  of  Chemistry,  pp.  229,  321,  595, 
621-629 


Hair  of  sheep,  goats,  llamas,  camels,  etc. 


2.  How  does  boiling  water  affect  woolen  garments? 

the  yarn. 
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3.  Tell  what  the  following  terms  mean:  (a)  virgin  wool. . 

b)  Part  wool  v°o1  1111x6(1  with  another  fiber  (cotton  or  rayon) 

c)  Shoddy  R0Claim0<1  wool  from  old  woolen  cloth 

4.  Will  a  woolen  scarf  be  warmer  than  one  made  of  silk?  .  Why? 

rough,  twisted  woolen  fibers  make  better  insulator  than  straight,  smooth  silk 

fibers . 


5.  What  qualities  of  wool  make  it  suitable  for  (a)  sweaters?  . ^.C. 

wearability,  lightness,  strength. 

b)  Blankets?  S0100*  Also  does  not  wrinkle  easily. 

c)  Hats?  1^am0  as  sweater  and  blankets.  Can  be  felted. 

d)  Rugs  and  carpets?  Strength,  warmth,  elasticity,  aaee  of  dyeing. . 

6.  What  are  the  two  main  kinds  of  rayon?  Cellulose  (ar  nitl’^celluloeo ). . 

2.  Viscose. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Samples  of  wool,  silk,  and  rayon,  cut  into  pieces  about  2  inches  square. 
Red  and  blue  litmus  paper.  Lead  acetate  solution.  Filter  paper.  10%  solution  of  sodium 
hydroxide.  Concentrated  hydrochloric  acid.  Acetone. 

apparatus  needed:  Forceps  or  tongs.  Bunsen  burner.  Microscope.  Glass  slides.  Two  test 
tubes.  400  ml  beaker.  Ring  and  ringstand.  Wire  gauze.  Test-tube  holder. 


In  this  experiment  you  are  going  to  make 
different  tests  that  will  identify  wool,  silk,  and 
rayon.  After  you  have  made  each  test,  record 
your  results  in  the  table,  being  sure  that  you 
select  characteristics  that  show  the  difference 
in  the  three  kinds  of  fibers. 

a.  Burning  test.  Hold  one  piece  of  each  cloth 
in  a  Bunsen  flame  with  your  forceps  or  tongs. 
Compare  the  speed  with  which  each  burns  and 
notice  the  different  odors. 

b.  Litmus  test.  Dampen  three  pieces  of  red 
litmus  and  three  pieces  of  blue  litmus  paper. 
Burn  a  piece  of  each  material  separately  and 
hold  one  blue  and  one  red  piece  of  litmus  pa¬ 
per  in  the  smoke  above  it. 


c.  Lead  acetate  test.  Wet  a  piece  of  filter  pa¬ 
per  with  lead  acetate  solution.  Bum  a  piece 
of  each  cloth  and  hold  the  filter  paper  in  the 
smoke.  Notice  the  effect  that  the  smoke  has 
on  lead  acetate. 

d.  Solubility  tests.  Sodium  hydroxide.  Place 
one  piece  of  each  material  in  separate  test 
tubes.  Cover  each  piece  with  from  5  to  10  ml 
of  a  10%  solution  of  sodium  hydroxide.  Fill 
your  400  ml  beaker  half  full  of  water  and 
heat  it  to  boiling  on  a  wire  gauze  supported 
by  a  ring  and  ringstand.  Place  the  tubes  in 
the  beaker  and  leave  them  there  for  ten 
minutes.  Pour  off  the  hydroxide  solution  and 
notice  if  the  fibers  have  dissolved. 
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Hydrochloric  acid.  Repeat  this  procedure,  us¬ 
ing  concentrated  hydrochloric  acid  instead  of 
sodium  hydroxide. 

e.  Moisture  test.  Moisten  a  piece  of  each  ma¬ 
terial  with  water  and  allow  them  to  remain 
moist  for  five  or  ten  minutes.  Try  pulling  the 
threads  apart  and  see  what  happens. 

f.  Weighted-silk  test.  Fold  a  piece  of  silk 
lengthwise  and  crease  it  with  your  finger¬ 
nail.  Notice  how  this  affects  the  silk.  Heavy 
weighted  silk  will  usually  split.  Hold  a  piece 
of  this  silk  in  a  Bunsen  flame.  If  it  chars, 
glows,  and  retains  its  shape,  it  is  weighted. 
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g.  Acetone  test.  Place  a  piece  of  rayon  and 
one  of  silk  in  separate  test  tubes.  Cover  the 
pieces  with  acetone.  Notice  which  one  dis¬ 
solves. 

h.  Microscope  test.  Unravel  a  piece  of  each 
cloth.  Mount  one  of  the  fibers  on  a  glass  slide 
and  examine  it  carefully  under  the  microscope. 
In  the  space  provided  in  the  table  make  a 
sketch  to  show  the  appearance  of  the  fiber. 

Repeat  with  the  fiber  of  the  other  samples. 
Compare  the  three  sketches,  noticing  the  dif¬ 
ferences  in  the  various  fibers  that  you  have 
examined. 


TEST 

WOOL 

SILK 

RAYON 

Burning 

Fast.  Gummy  residue. 
Smell  of  burning  hair 

Slow.  Small  black 
beads.  Same  smell 

Fast.  No  ash. 

Litmus 

Red  to  blue 

Red  to  blue 

Blue  to  red 

Lead  acetate 

Black 

Black 

None 

Sodium 

hydroxide 

Dissolves 

Dissolves 

Gelatinizes 

Hydrochloric 

acid 

None 

Dissolves  slowly 

Dissolves  slowly 

Moisture 

None 

None 

Pulls  apart  easily 

Weighted  silk 

X 

Chars,  glows,  retains 
shape 

X 

Acetone 

X 

None 

Dissolves 

Microscope 

(Rough,  scaly  fibers) 

(Smooth,  cylindrical 
fibers ) 

Smooth  fibers 

CONCLUSIONS  FROM  THE  EXPERIMENT 

_ _ __  .  19  Burning,  litmus,  sodium  hydroxide, 

1.  What  tests  can  be  used  to  identify  wool?  . -™-- . . . - . ----- 

hydrochloric  acid,  microscope. 

_ T  .,  w  0  Burning,  litmus,  sodium  hydroxide,  hydrochloric 

2.  How  can  you  identify  silkr  . t-R-' . - . . . 

acid,  microscope. 
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3. 


What  physical  tests  distinguish  silk  from  rayon? 


Moisture,  microscope. 


4.  What  class  of  compounds  affects  silk  and  wool?  .®?®.®®. . 

CONSUMER  APPLICATIONS 

.  TT  ,,  i  j  .  ,  0  Wash  in  lukewarm,  mild  soap  solution 

1.  How  would  you  launder  a  wool  sweater:  . . . . 

Rinse  in  water  same  temperature.  Roll  in  towel.  Do  not  wring.  Stretch  to 


measurements  taken  "before  washing. 


2.  Bleaches  for  clothes  contain  some  hydrochloric  acid.  How  will  these  bleaches  affect  wool 
and  silk?  no^  ^f©0^  wool  hut  will  dissolve  silk. 


3.  Why  is  rayon  replacing  silk  as  a  textile?  Much  cheaper. . Wears  just  as  well. 

Has  shiny  appearance  of  silk. 


4.  Suppose  your  bathing  suit  has  ripped.  You  have  a  choice  of  either  cotton  or  rayon  thread 

for  sewing  it  together.  Which  should  you  use?  .  Why?  . 

easily  when  wet.  Rip  would  soon  reappear  in  bathing  suit. 


5.  What  special  care  should  be  given  to  silk  and  rayon  clothing  to  insure  long  wear?  . 

in  mild  soap  in  lukewarm  water.  Do  not  rub  or  wring  rayon.  Do  not  use  hypo¬ 
chlorite  bleaches.  Do  not  fold  weighted  silk. 
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Experiment  39 

How  can  you  judge  the  quality  of  woolen  cloth? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  all  pieces  of  woolen  cloth  equally  good? 
Will  they  all  wear  just  as  well? 

The  wool  fibers  used  in  clothing  are  classi¬ 
fied  as  either  woolens  or  worsteds.  Woolen 
cloth  is  woven  from  yarn  made  of  short,  kinky 
fibers  that  are  intermingled  to  give  a  napped 
effect.  These  fibers  have  been  carded  but  not 
combed.  The  yarn  produced  from  them  is  usu¬ 
ally  loosely  twisted.  As  a  result,  the  nap  on 
woolens  wears  off  and  the  material  looks  bare 
in  spots. 

Worsted  cloth  is  woven  from  yam  made  of 
combed  wool  fibers  that  have  been  separated 
from  the  shorter  ones  used  in  making  woolens. 
Because  the  yam  is  made  of  tightly  twisted 
fibers,  worsteds  look  rough  and  harsh.  Their 
finish  is  very  smooth,  and  the  weave  is  dis¬ 
tinct.  Worsteds  keep  a  press  well  but,  because 
of  their  hard  finish,  will  become  shiny  with 
wear. 

Both  woolens  and  worsteds  may  be  adul¬ 
terated  with  cotton,  rayon,  and  shoddy  (re¬ 


claimed  wool).  Cloth  made  from  these  mix¬ 
tures  is  suitable  for  some  purposes,  but  in  most 
instances  adulterants  lower  the  quality  of  the 
cloth. 

Do  you  know  if  you  are  buying  a  woolen  or 
worsted  suit  or  coat  that  has  been  adulterated? 
Can  you  tell  how  much  wool  is  present  in  wool 
cloth  by  looking  at  it?  What  information 
should  you  have  in  purchasing  your  clothing? 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  335,  519-520, 
585 

Chemistry  and  You.  pp.  183-187 
Chemistry  in  Use.  pp.  275,  510-511 
Dynamic  Chemistry,  p.  372 
Modern  Chemistry,  pp.  716-722 
Modern  Everyday  Chemistry,  pp.  392-409 
Modern-Life  Chemistry,  p.  679 
New  Practical  Chemistry,  pp.  126,  461 
New  World  of  Chemistry,  pp.  229,  623-624 


1.  What  is  meant  by  “carding”  wool?  ..PrePai:1?g  wool  flbera  for  spin^ng  by  mak- 
ing  them  parallel. 


2.  Why  are  woolens  warmer  than  worsteds?  klnlqr  fibers  fom  more  air 

pockets  in  woolens .  Better  Insulator. 


3.  Worsteds  are  less  liable  to  contain  reworked  wool  than  woolens.  Explain. 
fibers  used  in  worsteds.  Reworked  wool  fibers  too  short. 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Three  different  samples  of  wool  fabric  (worsted,  woolen,  and  a  mixture). 
2%  solution  of  sulfuric  acid.  10%  solution  of  sodium  hydroxide.  Paper.  Filter  paper. 
apparatus  needed  :  Microscope.  Glass  slides.  Three  test  tubes.  400  ml  beaker.  Ring  and  ring- 
stand.  Wire  gauze.  Bunsen  burner.  Electric  iron.  Funnel. 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  quality  of  different  types  of  woolen 
cloth  by  separating  and  identifying  the  fibers 
present.  From  the  first  part  of  this  experi¬ 
ment  you  should  already  know  which  type  of 
fiber  will  wear  the  best. 

a.  Telling  woolens  from  worsteds.  Unravel 
pieces  of  yarn  from  the  edge  of  each  of  your 
samples  of  cloth.  Untwist  each  one  of  these 
pieces  of  yarn  and  carefully  examine  and  com¬ 
pare  them.  Notice  which  sample  has  short, 
fuzzy  fibers  and  which  has  long,  straight, 
smooth  fibers.  Record  your  results  in  the  table. 

b.  Testing  for  shoddy.  Unravel  some  of  the 
yarn  from  each  sample  in  the  same  way  as  you 
did  in  Part  a  and  mount  the  fibers  on  glass 
slides.  Then  examine  each  of  the  fibers  under 
a  microscope.  You  will  find  that  shoddy  fibers 
do  not  show  the  original  wool  scales.  If  they 
are  present,  they  will  be  broken.  Also  the 
ends  of  the  fibers  will  be  broken  or  tom.  If 
the  shoddy  has  been  reclaimed  from  dyed  fab¬ 
rics,  the  colors  of  the  dyes  will  still  be  visible. 
Estimate  the  percent  of  shoddy  present  in  each 
of  your  samples  and  record  your  results  in  the 
table.  (Your  estimate  will  probably  be  within 
ten  per  cent  of  the  true  value. ) 


c.  Testing  for  fibers  other  than  wool.  You  will 
make  two  determinations  of  the  non-woolen 
fibers  present  in  your  fabric  samples.  In  one 
you  will  remove  the  cotton  and  rayon,  leaving 
the  wool.  In  the  other  you  will  remove  the 
wool  and  leave  the  cotton  and  rayon. 

Sulfuric  acid.  To  remove  the  cotton  and  rayon, 
moisten  each  of  the  samples  of  cloth  with  a  2% 
solution  of  sulfuric  acid.  Place  each  of  the 
samples  between  two  pieces  of  paper  and  press 
with  a  hot  iron.  The  cotton  and  rayon  fibers 
will  either  disappear  or  char  and  fall  apart. 
Estimate  the  percentage  of  cotton  and  rayon  in 
each  sample.  Record  your  results  in  the  table. 
Sodium  hydroxide.  To  remove  the  wool,  place 
a  small  amount  of  each  sample  of  cloth  in  sepa¬ 
rate  test  tubes  and  cover  these  samples  with  a 
10%  solution  of  sodium  hydroxide.  Fill  your 
400  ml  beaker  half  full  of  water  and  heat  it  to 
boiling  on  a  wire  gauze  supported  on  a  ring 
and  ringstand.  Place  the  test  tubes  in  the 
beaker  and  heat  them  for  about  fifteen  min¬ 
utes.  The  cotton  and  rayon  will  remain  as  a 
residue  while  the  wool  will  dissolve.  Dilute 
each  solution  with  water  and  filter  out  the  resi¬ 
due.  Estimate  the  percentage  of  cotton  and 
rayon  fibers.  Record  your  results  in  the  table. 


SAMPLES 

IS  IT  WOOLEN 
OR  WORSTED? 

IS  SHODDY 
PRESENT? 

% 

ARE  COTTON  AND 
RAYON  PRESENT? 

%  BY  SULFURIC 
ACID 

%  BY  SODIUM 
HYDROXIDE 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  How  can  you  distinguish  woolens  from  worsteds? 

fibers.  Loose  yarn  has  napped  effect.  Worsted  made  from  long,  tightly 


twisted  fibers.  Look  rough  and  harsh.  Feel  smooth.  Distinct  weave. 
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2.  What  type  of  cloth  is  likely  to  contain  shoddy?  .1*99: . 

3.  How  does  cloth  containing  cotton  or  rayon  differ  from  pure  wool? 

Wrinkles  easily. 


4.  How  can  sulfuric  acid  be  used  to  identify  plant  and  animal  fibers?  .^C. _.a C 

causes  plant  fibers  to  char  and  fall  apart  readily  while  the  reaction  with 

animal  fibers  will  take  longer. 


CONSUMER  APPLICATIONS 

1.  Inspect  the  label  on  several  woolen  textiles,  either  in  your  home  or  in  a  store.  Do  they 

tell  the  amount  and  kind  of  wool  contained?  .  Write  a  short  paragraph  describing  your 

,  j  n  j.  (Answers  will  vary. ) 

observations  and  findings.  . . . . . 


2.  (a)  What  kind  of  suit  would  you  buy  if  you  wanted  long  wear?  ...^.c>r8^e^ .  Why? 

Wears  better  than  woolen  because  made  of  long,  straight  fibers. 


b)  What  kind  would  you  buy  if  you  were  interested  mainly  in  warmth?  .ff®. ?.??.?. . 

-yyky?  Warner  than  worsted  because  short,  kinky  fibers  contain  mere  air  pock¬ 
ets  . 
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3.  If  you  are  buying  ready-made  wool  clothes,  how  can  you  tell  what  type  of  fiber  you  are 

getting?  Unrav0l  bit  of  yarn.  Short,  kinky  fibers  indicate  woolen.  Long, 

straight  fibers  indicate  worsted.  Woolen  looks  fuzzy  and  napped.  Worsted 
looks  rough  and  harsh  but  feels  smooth.  Has  distinct  weave. 


4.  Bed  blankets  may  be  all  wool  or  part  wool.  Which  kind  will  give  you  more  warmth? 
All  wool  Explain  ^ar*;  wool  blankets  contain  much  cotton.  Cotton 

very  poor  Insulator  compared  with  wool.  Flat,  twisted  fibers  contain  fewer 


tiny  air  pockets. 


5.  What  tests  can  you  use  in  buying  a  suit  or  overcoat  that  will  help  you  get  your  money’s 
worth?  sample  of  cloth  from  dealer.  2.  Determine  percentage  of  shoddy, 

cotton,  and  rayon.  3*  Examine  weave  for  strength  and  wear  (tight,  plain 

. . . .................. _ . . . . . . 

weave  best). 


6.  How  can  you  judge  the  wearability  and  warmth  of  a  piece  of  woolen  goods?  . 

ability  depends  on  length  of  fibers,  tightness  of  twisted  fibers,  closeness  of 

weave.  Warmth  determined  by  percentage  of  wool. 


166 


UNIT 
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Fuels 


What  is  the  best  fuel?  Do  all  fuels  produce  the  same  amount  of  heat  at  the  same 
cost?  Are  there  any  other  things  besides  heat  to  think  about  when  you  are  buying  fuel? 
Ever  since  prehistoric  men  began  burning  wood,  we  have  been  interested  in  fuels.  We 
use  coal,  wood,  gas,  oil,  or  some  product  of  these  to  furnish  heat  for  our  homes  and  to  cook 
our  food.  We  use  these  same  fuels  to  produce  steam  for  the  power  needed  in  our  factories. 
We  burn  oil,  gasoline,  kerosene,  and  alcohol  in  the  internal-combustion  engines  which  run 
our  airplanes,  automobiles,  and  tractors.  Which  is  the  best  of  these,  or  are  they  all  equally 
good? 

The  amount  of  heat  that  a  fuel  gives  is,  of  course,  the  most  important  thing.  But  some  of 
the  other  things  to  be  considered  in  selecting  a  fuel  are  the  cost,  the  ease  of  handling,  the 
amount  of  unbumable  material,  the  bulk  in  storage,  the  kindling  point,  the  ease  with  which 
the  fire  can  be  extinguished,  the  danger  of  explosion,  unpleasant  odors,  and  the  loss  of  fuel 
by  evaporation. 

The  cost  of  a  fuel  is  greatly  affected  by  the  cost  of  transportation.  Therefore,  a  fuel  that 
may  be  the  “best  buy”  in  one  community  may  be  a  poor  “buy”  in  another  one.  For  exam¬ 
ple,  soft  coal  costs  considerably  more  in  North  Dakota  than  it  does  in  southern  Illinois. 
Natural  gas  is  cheaper  in  Kansas  than  in  Michigan.  Wood  is  a  cheap  fuel  in  northern  Wis¬ 
consin  but  not  in  New  York  City. 

In  this  unit  you  will  learn  about  some  of  the  characteristics  of  fuels  and  how  to  use  them. 
You  may  not  have  to  pay  any  fuel  bills  at  the  present  time,  but  wouldn’t  you  like  to  know 
just  what  to  burn  in  your  furnace  and  how  to  burn  it?  You  will  also  learn  what  gasoline 
is  and  how  to  select  a  brand  for  your  use. 
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REGULATING  A  BUNSEN  BURNER 


In  the  laboratory  you  generally  use  a  Bun¬ 
sen  burner  as  your  source  of  heat.  The  burner 


mixes  gas  with  air  to  produce  a  flame.  It  has 
two  adjustments,  one  for  the  gas  and  one  for 


the  air.  The  adjustment  regulating  the  air 
supply  is  the  more  important.  If  you  open  the 
air  supply,  complete  burning  will  take  place, 
thereby  increasing  the  heat. 

If  you  want  a  small  flame,  cut  down  on  the 
gas  supply.  Do  not  close  the  air  opening.  The 
best  flame  to  use  for  heating  is  about  two 
inches  high.  It  is  blue  in  color  and  shows  two 
distinct  cones  of  burning  gas. 

Sometimes  when  the  gas  is  turned  too  low 
or  the  air  holes  are  open  too  wide,  the  burner 
strikes  back  and  the  gas  burns  inside  at  the 
bottom  of  the  burner.  If  this  should  happen, 
turn  off  the  gas  at  once.  Then  close  the  air 
holes  slightly  or  turn  up  the  gas  a  little  and 
light  the  burner  again.  If  your  burner  makes 
a  roaring  noise,  close  the  air  holes  until  the 
noise  stops. 
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SUGGESTIONS  FOR  TEACHING  UNIT  9 


The  burning  of  fuels  is  the  most  common  appli¬ 
cation  of  the  principle  of  oxidation  and  reduction. 
For  that  reason,  it  is  one  that  students  can  under¬ 
stand  most  readily.  Besides  stressing  these  prin¬ 
ciples,  the  unit  shows  how  and  why  different  fuels 
produce  different  quantities  of  heat.  No  particular 
fuel  is  recommended.  Instead  the  student  is 
taught  the  characteristics  that  should  be  consid¬ 
ered  in  selecting  a  fuel  to  meet  the  individual 
needs  of  the  user.  Fuels  used  in  the  community 
are  recommended  for  testing. 

OBJECTIVES  OF  THE  UNIT 

1.  To  become  acquainted  with  the  products  of 
combustion  (Exp.  40,  41,  42,  43,  44). 

2.  To  learn  what  is  meant  by  complete  combus¬ 
tion  (Exp.  40) . 

3.  To  know  how  to  get  the  maximum  heat  from 
a  fuel  (Exp.  40) . 

4.  To  know  how  heat  is  measured  (Exp.  41). 

5.  To  learn  why  equal  weights  of  solid  fuels 
produce  different  amounts  of  heat  (Exp.  41). 

6.  To  become  acquainted  with  the  different 
kinds  of  gas  fuels,  their  composition,  and  their 
heat  value  (Exp.  42) . 

7.  To  know  the  sources  of  fuel  oils  and  to  de¬ 
termine  their  composition  and  heat  content  (Exp. 
43). 

8.  To  learn  what  characteristics  should  be  con¬ 
sidered  in  selecting  gasoline  (Exp.  44) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  importance  of  oxygen  in  obtaining  the 
maximum  heat  from  fuels  (Exp.  40) . 

2.  The  methods  of  analyzing  solid  fuels  (Exp. 

41). 

3.  The  preparation  of  methane,  coal  gas,  and 
water  gas  (Exp.  42) . 

4.  Coal  may  be  broken  down  by  destructive 
distillation  (Exp.  42) . 

5.  Water  may  be  reduced  to  hydrogen  and  car¬ 
bon  monoxide  (Exp.  42) . 

6.  Liquids  may  be  identified  by  their  specific 
gravity  (Exp.  43) . 

7.  The  vaporization  of  a  liquid  fuel  determines 
its  kindling  temperature  (Exp.  43,  44) . 

HINTS  TO  THE  TEACHER 

Experiment  40.  Either  a  lack  of  knowledge  or 
a  lack  of  application  of  the  principle  of  complete 
combustion  causes  a  tremendous  waste  of  fuel 
annually.  Be  sure  that  the  students  understand 
this  principle.  Sufficient  time  should  be  given  the 
students  to  secure  the  data  necessary  to  answer 
question  2  on  page  171. 


Experiment  41.  Part  a.  Buy  the  samples  of 
soft  coal,  hard  coal,  coke,  and  petroleum  coke  at 
your  local  fuel  dealer.  If  your  community  does 
not  use  any  of  these  fuels,  it  would  be  advisable 
to  omit  the  ones  not  in  common  usage.  When  pur¬ 
chasing  the  samples,  be  sure  to  get  the  price  per 
ton  of  the  fuel.  If  the  cost  is  given  in  bushels, 
compute  the  cost  per  ton,  remembering  that  there 
are  80  pounds  of  coal  to  a  bushel. 

Before  starting  the  experiment,  the  students 
should  take  time  to  pulverize  the  coal.  It  is  much 
easier  to  drive  off  the  water  and  analyze  the  coal 
if  the  particle  size  is  small.  Check  the  work  of  the 
students  to  be  sure  that  the  temperature  in  this 
part  of  the  experiment  does  not  exceed  105°  C. 
Otherwise  part  of  the  loss  in  weight  will  be  due 
to  loss  of  volatile  matter.  Stress  the  point  that  cru¬ 
cibles  must  be  cool  before  they  are  weighed. 

Part  b.  Be  sure  that  the  students  keep  their 
crucibles  covered  in  this  part  of  the  experiment. 
Otherwise  some  of  the  fixed  carbon  may  be  oxi¬ 
dized.  The  carbon  deposit  forming  on  the  outside 
of  the  crucibles  and  covers  is  due  to  partly  oxi¬ 
dized  volatile  hydrocarbons  and  must  be  burned 
off  before  going  on  to  Part  c. 

Part  c.  Remove  the  cover  from  the  crucible  and 
heat  strongly.  The  carbon  is  now  oxidized  to  car¬ 
bon  dioxide  and  monoxide.  A  Meeker  burner,  if 
available,  will  speed  up  this  portion  of  the  experi¬ 
ment.  If  no  Meeker  burner  is  available,  use  two 
Bunsen  burners  on  one  crucible  to  save  time. 

Experiment  42.  Part  A.  If  there  is  any  doubt 
about  the  water  content  of  the  sodium  acetate  and 
soda  lime  for  this  part  of  the  experiment,  have  the 
students  fuse  their  materials  before  starting  the 
experiment.  Heat  each  of  these  substances  in 
open  crucibles  until  the  water  is  driven  off.  Un¬ 
less  this  is  done,  no  methane  gas  will  be  produced. 
Check  the  student’s  apparatus  set-up  before  he 
starts  to  generate  methane  so  that  there  will  be  no 
explosions. 

Part  b.  Inspect  the  student’s  apparatus  set-up 
before  he  starts  to  heat  the  soft  coal. 

Part  c.  The  cylinder  used  in  this  experiment 
should  be  made  of  pyrex  glass  to  withstand  the 
temperature  of  the  Bunsen  burner.  Again  check 
the  set-up  of  each  individual  student.  It  is  advis¬ 
able  to  have  only  the  better  students  do  this  part 
of  the  experiment  because  of  the  toxic  effect  of 
carbon  monoxide. 

Experiment  43.  Secure  the  samples  of  fuel  oil 
from  your  local  dealer.  Get  the  types  most  com¬ 
monly  used  in  your  community.  If  your  com¬ 
munity  does  not  use  fuel  oil,  this  experiment  may 
be  omitted.  Do  not  let  the  students  begin  distil- 
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ling  the  oil  until  you  have  checked  the  apparatus 
set-up.  Be  sure  that  glass  beads  are  present  to 
avoid  'bumping.”  The  water  should  enter  the 
condenser  water-jacket  at  the  bottom.  If  you  have 
the  students  use  different  fuel  oil  samples,  they 
can  exchange  data  and  test  more  fuel  oils. 

Experiment  44.  A  Bunsen  burner  can  be  used 
to  supply  the  heat  if  an  electric  heater  is  not  avail¬ 
able.  The  cotton  should  be  fastened  to  the  bulb  of 
the  thermometer  with  thread.  Check  the  set-up 
before  the  students  start  the  distillation.  More 
gasolines  may  be  tested  if  the  students  use  dif¬ 
ferent  brands  of  gasoline  and  exchange  data.  The 
following  are  government  specifications  for  motor 
gasoline: 


Minimum . 122°  F.  (  50°  C.) 

10% 

Maximum  . 176°  F.  (  80°  C.) 

50%  over,  at  or  below . 284°  F.  (140°  C.) 

90%  over,  at  or  below . 392°  F.  (200°  C.) 

End  point,  not  above . 437°  F.  (225°  C.) 

Recovery  (minimum) . 95% 


MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

10  gm  cotton 

50  gm  each,  soft  coal,  hard  coal,  coke,  and  pe¬ 
troleum  coke 

500  ml  each,  two  samples  of  fuel  oil 
500  ml  each,  four  samples  of  gasoline 
50  gm  soda  lime,  fused 
25  gm  sodium  acetate,  fused 
25  gm  soft  coal 
15  gm  charcoal  or  coke 

litmus  paper  (red  and  blue) 

20  wooden  splints 
4  colored  pencils 


APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  balance,  double-pan 
1  balance,  triple-beam 
10  150-ml  beakers 
5  wide-mouth  bottles  (4  oz.) 

5  burette  clamps 
10  Bunsen  burners 
cotton,  absorbent 
5  triangles  (clay  or  pipestem) 

1  pinch  clamp  or  screw  clamp 
10  crucibles  and  covers 
5  condenser  clamps 
5  Liebig  condensers 
5  condenser  tubes  (optional) 


1  Erlenmeyer  flask 
1  bell  jar  (optional) 

5  glass  jars  (or  pneumatic  troughs) 

1  thistle  tube 

10  evaporating  dishes  or  watch-glasses 
5  distilling  flasks  (125  ml  or  250  ml) 
filter  paper 
glass  tubing 

glass  beads  or  bits  of  glass  tubing  or  porce¬ 
lain 

5  100-ml  graduates 
5  10-ml  or  25-ml  graduates 

2  hard  glass  cylinders  (8  in.  by  Vz  in.) 

5  electric  heaters  (optional) 

5  hydrometers  (one  will  do) 

1  mortar  and  iron  pestle 
10  rings  and  ringstands 
10  one-hole  rubbers  stoppers  (No.  1) 

5  two-hole  rubber  stoppers 
5  test  tubes,  Pyrex  (6  in.) 

15  test  tubes,  soft  glass  (6  in.) 

5  thermometers,  — 10°  to  110°  C. 

5  thermometers,  0°  to  650°  F. 

rubber  tubing 
5  tongs  or  forceps 
5  wire  gauzes  (asbestos  center) 

5  water  baths  or  1  electric  oven 

SUGGESTED  PROJECTS 

1.  Making  a  model  of  a  Cotrell  smoke  precipi¬ 
tator. 

2.  Refining  crude  oil  by  fractional  distillation. 

3.  Destructive  distillation  of  wood. 

4.  Blending  of  liquid  fuels  for  model  racing 
automobiles. 

5.  Collecting  information  on  deaths  due  to  car¬ 
bon-monoxide  poisoning. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  Do  all  fuels  produce  the  same  amount  of 
heat  at  the  same  cost?  Why? 

2.  How  can  you  get  the  most  heat  out  of  fuels? 

3.  What  determines  the  heat  value  of  a  solid 
fuel? 

4.  What  things  besides  cost  and  heat  value  are 
important  in  selecting  a  fuel? 

5.  Does  gas  have  any  advantages  over  other 
fuels? 

6.  Why  are  flash  and  fire  points  not  always 
true  indicators  of  the  value  of  an  oil  as  a  fuel? 

7.  Does  any  relation  necessarily  exist  between 
the  price  and  heat  value  of  a  fuel  oil? 

8.  What  properties  should  you  look  for  in  se¬ 
lecting  gasoline? 
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Experiment  40 

How  can  you  get  the  most  heat  out  of  fuels? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


You  probably  know  that  we  burn  fuels  to 
get  heat,  but  do  you  know  how  to  get  the  most 
heat  out  of  a  fuel?  Because  many  people  are 
ignorant  or  careless  about  burning  fuels,  a 
great  deal  of  fuel  is  wasted  and  smoke  causes 
much  unnecessary  trouble  and  expense. 

The  burning  process  is  simply  the  combin¬ 
ing  of  a  fuel  with  oxygen.  Fuels  contain  car¬ 
bon  and  compounds  of  hydrogen  and  carbon, 
which  are  sometimes  mixed  with  unburnable 
minerals,  or  ash.  Different  fuels  contain  dif¬ 
ferent  amounts  of  these  substances,  a  fact 
which  accounts  for  their  difference  in  heat 
value.  How  can  you  estimate  the  heat  value 
of  fuels? 

Stoves  and  furnaces  are  built  to  supply  the 
oxygen  for  burning  and  to  transfer  the  heat 
for  our  use.  But  are  all  stoves  and  furnaces 
able  to  do  these  things  equally  well?  Does  it 
make  any  difference  how  you  handle  your 

1.  (a)  Explain  what  oxidation  means, 

increase  in  positive  valence  of  element). 


heating  plant?  What  can  you  do  to  make  it 
work  more  efficiently? 

Before  doing  this  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  441-447 
Chemistry  and  You.  pp.  101,  425-456 
Chemistry  at  Work.  pp.  443-444 
Chemistry  for  Secondary  Schools,  pp.  100, 
287-288,  301-311 

Chemistry  in  Use.  pp.  177-221,  442 
Dynamic  Chemistry,  pp.  339,  612-614,  617-618 
First  Book  in  Chemistry,  pp.  285-286 
First  Principles  of  Chemistry,  pp.  402-405 
First  Year  of  Chemistry,  pp.  38,  326 
Modern  Chemistry,  pp.  312,  315 
Modern  Everyday  Chemistry,  pp.  169-176 
Modern-Life  Chemistry,  pp.  616-618 
New  Practical  Chemistry,  pp.  423-426,  434-439 
New  World  of  Chemistry,  pp.  350-354,  376-385 


Combination  of  substance  with  oxygen  (or 


b)  Is  combustion  the  same  as  oxidation?  .  1,0  ...  Explain.  Combustion  ie  rapid  catdatlon 
that  produces  light  and  heat. 


2.  What  is  formed  when  carbon  burns  in  a  large  amount  of  air? 
.  Show  this  by  an  equation. 


Carbon  dioxide 


C  4  0£  — >  COgf 

3.  What  is  formed  when  carbon  burns  in  a  limited  supply  of  air?  9.™}?.™.™^?.™..™. 
.  Show  this  by  an  equation. 


2C  +  02 — »  2C0| 
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4.  When  hydrogen  bums  in  air,  what  is  formed? 
Give  an  equation  for  this. 


Water 


2Bg  f  O2  — ^  2H2O 

5.  Examine  your  Bunsen  burner,  noticing  the  adjustments  for  the  air  supply  and  the  gas 
supply. 


a)  What  is  meant  by  an  oxidizing  flame? 


Outer  cone  of  flame 


b)  By  a  reducing  flame? 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Water.  Gas  supply. 
apparatus  needed:  Bunsen  burner.  Evaporating 
ml  beakers.  Centigrade  thermometer. 

Natural  gas  and  artificial  gas  contain  com¬ 
pounds  of  carbon  and  hydrogen.  A  Bunsen 
burner  is  your  laboratory  stove  that  burns 
these  fuels.  Light  your  burner  and  adjust  it 
so  that  the  flame  is  yellow.  This  is  done  by 
shutting  off  the  air  supply.  Grasp  your  empty 
evaporating  dish  with  a  pair  of  tongs  or  for¬ 
ceps  and  hold  the  dish  in  the  yellow  flame.  The 
formation  of  a  black  deposit  on  the  dish  repre¬ 
sents  part  of  the  fuel  that  has  not  burned. 
Readjust  your  flame  so  that  it  becomes  blue 
and  keep  heating  the  same  dish.  Notice  what 
happens  to  the  black  deposit. 

In  this  experiment  you  are  going  to  com¬ 
pare  the  amount  of  heat  you  get  when  you 
have  complete  and  incomplete  combustion  of 
a  gas.  Measure  out  exactly  50  ml  of  water  in 


dish.  Tongs  or  forceps.  Graduate.  Two  150 
Ring  and  ringstand. 

each  of  your  two  beakers.  Determine  the  tem¬ 
perature  of  the  water  in  each  by  means  of  a 
thermometer  and  record  this  in  the  table. 

Set  one  beaker  on  an  asbestos  mat  supported 
by  your  ring  and  ringstand.  Place  a  Bunsen 
burner  under  the  beaker.  Adjust  the  burner 
to  give  a  yellow  flame.  Heat  the  water  about 
three  minutes. 

At  the  end  of  the  heating  period,  shut  off 
the  burner  and  with  the  thermometer  deter¬ 
mine  the  temperature  of  the  water  in  the 
beaker.  Record  your  results  in  the  table. 

Repeat  with  the  water  in  the  other  beaker 
but  adjust  your  burner  to  give  a  blue  flame. 
Heat  the  second  beaker  for  the  same  length  of 
time  as  you  heated  the  first.  Record  your  re¬ 
sults  in  the  table. 


Asbestos  mat. 


WATER  HEATED  WITH 

YELLOW  FLAME 

WATER  HEATED  WITH 

BLUE  FLAME 

Temperature  of  water  at  start 

Temperature  of  water  after  heating 

CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  What  is  the  name  of  the  black  deposit  found  on  the  dish  heated  with  the  yellow  flame? 
Carbon 


2.  Tell  what  happened  to  the  black  deposit  after  it  was  heated  with  a  blue  flame. 
Oxidized  to  oxides  of  carbon. 
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3.  How  should  a  Bunsen  burner  be  adjusted  to  give  the  most  heat? 

enter  to  produce  blue  flame . 

Air 

4.  What  is  the  most  important  thing  to  consider  in  making  fuels  burn  completely? . 

supply.  Must  be  sufficient  for  complete  combustion. 

CONSUMER  APPLICATIONS 

1.  If  you  use  a  gas  stove  in  your  home  and  notice  a  yellow  flame,  what  should  you  do? 

Increase  air  supply  or  decrease  gas  supply. 


2.  Examine  your  furnace  or  heating  stove  at  home.  If  you  have  none  at  home,  visit  some 
place  that  has  one.  Make  a  sketch  showing  each  of  the  dampers  and  drafts  and  state  the  pur¬ 
pose  of  each.  (Answer  will  depend  on  stove  or  furnace. ) 
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3.  Check  the  efficiency  of  the  furnace  or  stove  by  noting  the  condition  of  the  smoke  pipe, 

chimney,  and  flues,  (a)  Are  they  clean  enough  to  permit  circulation  of  air?  . 

b)  Does  the  smoke  pipe  slope  downward  from  the  furnace  or  upward  to  the  chimney? 

.  Which  should  it  do  and  why?  . 

carbon.  Hot  air  and  gases  rise,  carrying  off  carbon  in  smoke. 


c)  Can  enough  air  enter  the  furnace  room  to  feed  the  furnace?  . 

4.  What  different  things  can  be  done  to  eliminate  or  reduce  the  smoke  nuisance?  . 

that  furnaces  get  enough  air  for  complete  combustion.  Open  drafts  when  fuel 

is  added.  Use  fuel  that  meets  requirements  of  furnace  or  adjust  furnace  to 
meet  requirements  of  fuel.  Use  Cottrell  smoke  precipitators  on  chimneys  of 
factories,  etc. 
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Experiment  41 

What  is  the  heat  value  of  solid  fuels? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Coal  is  the  most  common  and  abundant  fuel 
used  today.  In  many  sections  of  the  United 
States  it  is  considered  the  cheapest  and  best 
fuel  for  the  amount  of  heat  given  out  when 
burned.  It  is  used  to  heat  our  homes,  to  turn 
the  wheels  of  factories,  to  generate  electricity, 
and  to  furnish  power  for  trains  and  steamships. 

Soft,  or  bituminous,  coal  contains  as  much 
as  40%  of  gaseous  compounds  by  weight. 
These  are  made  up  of  carbon  and  hydrogen 
chemically  combined.  The  improper  combus¬ 
tion  of  these  gases  causes  our  present  smoke 
nuisance.  The  soot  from  soft  coal  can  be  elimi¬ 
nated  when  the  coal  is  completely  burned  in 
underfeed  furnaces  and  stokers. 

Hard,  or  anthracite,  coal  is  mostly  carbon 
and  contains  very  small  amounts  of  com¬ 
pounds  that  can  form  gases.  It  burns  with  a 
small  flame  and  gives  off  very  little  smoke.  It 
is  an  excellent  fuel  for  home  use  where  its 
cost  is  not  too  high. 

Coke  is  one  of  the  by-products  that  remain 
from  making  artificial  gas  from  soft  coal.  The 


soft  coal  is  heated  in  closed  ovens  until  the  gas 
is  driven  off.  The  coke  that  remains  is  largely 
carbon  and  ash.  Another  kind  of  coke,  called 
petroleum  coke,  is  the  carbon  that  is  left  from 
the  “cracking  process”  used  in  making  gaso¬ 
line. 

Before  doing  the  experiment,  answer  these 
questions.  Use  your  chemistry  book  as  a  ref¬ 
erence. 

Chemistry  and  Its  Wonders,  p.  448 
Chemistry  and  You.  pp.  101,  447-456 
Chemistry  at  Work.  pp.  141-145,  444 
Chemistry  for  Secondary  Schools,  pp.  286-287 
Chemistry  in  Use.  pp.  177-184,  205-210,  442 
Dynamic  Chemistry,  pp.  339,  612-614 
First  Book  in  Chemistry,  pp.  264-271 
First  Principles  of  Chemistry,  pp.  402-405 
First  Year  of  Chemistry,  pp.  318-326 
Modern  Chemistry,  pp.  312,  315 
Modern  Everyday  Chemistry,  pp.  176-181 
Modern-Life  Chemistry,  pp.  618-620 
New  Practical  Chemistry,  pp.  423-426 
New  World  of  Chemistry,  pp.  350-354 


1.  Explain  why  hard  coal  and  coke  produce  so  little  soot.  *4oS  .  cart  on  with. .  li'tt  le 

gas.  Usually  completely  oxidized  to  form  oxides  of  carbon,  which  are  gases. 


2.  When  hydrogen  is  burned,  it  produces  more  heat  per  pound  than  carbon.  What  type  of 

coal  should  then  produce  the  most  heat  when  burned?  COa.^ . 

3.  Will  the  percentage  of  ash  in  coke  be  higher  or  lower  than  in  the  coal  from  which  it  is 

,  „  Higher  TTT1  0  Same  weight  of  ash  in  coke  as  in  soft  coal  used  to 
made?  ..TTr .  Why:  . 

make  it,  but  gases  driven  off.  Therefore,  percentage  of  ash  higher  in  coke 


than  in  soft  coal. 
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4.  (a)  What  is  meant  by  B.T.U.?  .®rl.5lsh  thermal  unit . 

b)  How  much  heat  is  represented  by  one  B.T.U.?  ^ 003  o  raAe. 0  .  A  . ? ouni^ 

water  1  degree  Fahrenheit. 


5  (a)  What  is  a  calorie?  Hea^  n©c©ssary  to  raise  1  gram  of  water  1  degree 

Centigrade . 


b)  What  is  the  difference  between  calorie  and  Calorie? 


)  One  B.T.U.  equals  .....*7.^?. .  calories.  One  calorie  equals  .  B.T.U. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed i  Soft  coal.  Hard  coal.  Coke  made  from  soft  coal.  Petroleum  coke.  (Be 
sure  to  get  the  cost  per  ton  of  each  sample. ) 

apparatus  needed:  Two  crucibles  and  covers.  Two  watch-glasses  or  two  evaporating  dishes. 
Clay  triangle.  Ring  and  ringstand.  Bunsen  burner.  Forceps  or  tongs.  Triple-beam  balance. 
Water  bath  or  electric  oven.  Mortar  and  iron  pestle. 


a.  Moisture.  In  this  part  of  the  experiment 
you  are  to  determine  the  amount  of  moisture 
in  the  different  samples  of  coal  and  coke.  Pow¬ 
der  each  of  two  samples  by  using  a  mortar  and 
pestle.  Weigh  out  a  5-gram  sample  of  each 
material  to  be  tested  on  a  watch-glass  or  evap¬ 
orating  dish.  Label  each  one  so  that  you  can 
identify  it  later.  Place  each  of  these  on  a  boil¬ 
ing  water  bath  or  in  an  electric  oven  set  at 
105°  C. 

After  thirty  minutes  remove  the  glasses  or 
dishes  containing  the  samples  and  allow  them 
to  cool  to  room  temperature.  Caution!  Use 
your  tongs  or  forceps  to  handle  all  hot  dishes 
in  this  experiment.  Reweigh  and  calculate 
the  loss  in  weight.  If  the  temperature  has  not 
exceeded  105°  C.,  this  loss  is  due  to  the  evapo¬ 
ration  of  water  from  the  fuel  samples. 

Because  5-gram  samples  are  used  in  this  ex¬ 
periment,  the  percentage  can  be  calculated  in 
each  test  by  multiplying  the  loss  in  weight  by 
20.  Record  your  results  in  the  table  on  the 
next  page. 


b.  Volatile  matter.  Some  coal  contains  gases 
that  will  be  driven  off  on  heating  the  coal. 
These  gases  have  a  fuel  value,  but  this  value 
is  not  the  same  as  that  for  carbon.  Weigh  out 
5-gram  samples  of  the  same  two  fuels  used  in 
Part  A  in  different  crucibles.  Include  the 
weight  of  the  crucible  cover  because  its  weight 
will  have  to  be  considered  at  the  end. 

Record  the  weights  of  the  containers  and 
samples  on  other  paper  and  only  indicate  the 
actual  weight  of  each  substance  in  the  table. 
Mark  each  crucible  clearly  so  that  you  can 
always  identify  the  sample  with  which  you 
are  working. 

Adjust  the  ring  on  the  ringstand  so  that  the 
crucible  will  be  in  the  hottest  part  of  the  Bun¬ 
sen  flame.  Place  the  clay  triangle  on  the  ring 
and  then  put  one  of  the  weighed  crucibles  with 
its  contents  covered  on  the  triangle.  Heat  for 
about  twenty  minutes,  or  until  there  is  no 
more  gas  driven  off.  Burn  off  the  carbon  de¬ 
posited  on  the  outside  of  the  crucible  and  on 
the  cover.  It  was  formed  from  volatile  matter 
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that  was  not  completely  oxidized.  Set  it  aside 
to  cool  and  begin  heating  your  second  crucible. 

After  your  first  crucible  has  cooled,  weigh  it 
and  calculate  the  loss  in  weight  due  to  the  es¬ 
cape  of  volatile  matter.  Remember  that  the 
loss  in  weight  you  obtain  now  will  be  due  to 
loss  of  both  moisture  and  gases.  You  will 
therefore  have  to  subtract  the  moisture  loss 
found  in  Part  a  from  the  total  loss  found  here. 

Repeat  the  calculations  for  the  other  sam¬ 
ple  and  record  your  results  in  the  table.  Then 
calculate  the  percentage  of  volatile  matter  by 
multiplying  by  20.  Save  your  crucibles  and 
samples  for  the  next  part  of  the  experiment, 
c.  Fixed  carbon  and  ash.  The  amount  of  fixed 
carbon  is  one  of  the  important  factors  in  the 
heat  value  of  coal  and  coke.  To  determine  the 
amount  of  fixed  carbon  as  well  as  the  amount 
of  ash,  remove  the  covers  from  the  crucibles 
used  in  Part  b,  place  a  crucible  on  the  clay 
triangle,  tilt  it  so  that  the  carbon  will  burn 
faster,  and  heat  to  red  heat.  Continue  heating 
until  nothing  but  ash  is  left  in  the  crucible. 
Remove  the  crucible  and  cool  it.  While  it  is 
cooling,  start  heating  your  second  crucible. 

As  soon  as  each  crucible  is  cool,  weigh  it  and 
calculate  the  amount  of  fixed  carbon  and  the 
amount  of  ash:  The  fixed  carbon  will  be  the 
additional  loss  in  weight  after  the  volatile  mat¬ 
ter  and  water  were  driven  off  in  Part  b.  The 
ash  content  will  be  the  weight  of  material  left 
in  the  crucible.  Record  your  results  in  the 
table.  Then  calculate  the  percentage  of  fixed 
carbon  and  ash  by  multiplying  by  20. 

Now  repeat  Parts  a,  b,  and  c  with  the  other 
two  fuel  samples. 


DATE_ PERIOD_ RATING 

d.  Estimated  heat  value  of  fuels.  The  heat  value 
of  fuels  is  usually  determined  by  means  of  a 
calorimeter.  Since  a  calorimeter  is  a  rather 
expensive  piece  of  apparatus  seldom  found  in 
school  laboratories,  your  estimated  heat  value 
of  the  coal  and  coke  will  be  only  an  approxi¬ 
mation.  But  it  will  help  you  understand  why 
some  fuels  produce  more  heat  at  a  lower  cost 
to  the  consumer. 

Methane  gas  [CH4],  which  is  very  abundant 
in  the  gas  we  burn  in  our  houses,  will  give  ap¬ 
proximately  twice  as  much  heat  as  an  equal 
weight  of  pure  carbon.  The  volatile  matter  in 
solid  fuels  contains  many  other  substances  be¬ 
sides  methane;  so  the  heat  given  by  the  com¬ 
plete  combustion  of  the  volatile  matter  may 
be  estimated  at  approximately  11,500  calories 
per  gram.  Calculate  the  heat  value  of  the  vola¬ 
tile  matter  in  each  fuel  sample  by  multiplying 
11,500  by  the  percentage  of  volatile  matter. 

If  one  gram  of  pure  carbon  is  completely 
burned  to  form  carbon  dioxide,  approximately 
7800  calories  of  heat  will  be  given  off.  Calcu¬ 
late  the  number  of  calories  of  heat  that  are 
given  off  by  each  fuel  sample  by  multiplying 
7800  by  the  percentage  of  fixed  carbon  found 
in  each. 

Now  find  the  estimated  total  heat  value  for 
each  sample  by  adding  the  heat  values  of  vola¬ 
tile  matter  and  fixed  carbon.  Record  your 
results  in  the  table. 

To  compare  the  amount  of  heat  with  the  cost 
per  ton,  divide  the  cost  per  ton  of  each  fuel  by 
the  estimated  number  of  calories,  and  record 
your  results  in  the  table.  The  fuel  having  the 
lowest  number  will  be  the  most  economical. 


TYPE  OF 

SOLID 

FUEL 

MOISTURE 

CONTENT 

VOLATILE 

MATTER 

ASH 

CONTENT 

FIXED 

CARBON 

ESTIMATED 

TOTAL  HEAT 

VALUE  IN 

CALORIES 

COST 

PER  TON 

RATIO  OF 

COST  PER 

TON  TO 

CALORIES 

GM 

% 

GM 

% 

GM 

% 

GM 

% 

Soft  coal 

Hard  coal 

Coke 

Petroleum 

coke 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Which  solid  fuel  gives  the  most  heat?  . 

2.  What  things  besides  cost  and  heat  value  are  important  in  selecting  a  fuel? . 

handling,  amount  of  ash,  hulk  in  storage,  kindling  point,  ease  of  putting  out 

fire,  amount  of  coal  dust,  amount  of  moisture,  amount  of  volatile  matter, 

amount  of  fixed  carbon,  soot  and  smoke -forming  tendency,  etc. 

CONSUMER  APPLICATIONS 

1.  Most  fuel  dealers  will  furnish  you  with  the  heat  value  of  their  fuels.  If  you  know  the 
number  of  calories  or  B.T.U.  as  well  as  the  cost  per  ton,  how  can  you  select  your  “best  fuel 

buy”?  Calculate  cost  per  calorie  or  B.T.U.  Fuel  with  lowest  cost  per  calorie 
or  B.T.U.  will  be  best  fuel  buy. 


2.  Why  should  a  fuel  with  an  ash  content  above  10%  sell  for  less  than  a  fuel  with  one  half 
that  amount  of  ash?  Asil  is  un^urnal)le  material.  Higher*  the  ash  content,  lower 
the  amount  of  burnable  material.  Cost  of  fuel  should  be  based  on  amount  of 
heat  from  burnable  material. 


3.  Suppose  you  have  a  choice  of  buying  petroleum  coke  at  $12  a  ton  or  soft  coal  at  $8  a  ton. 
The  coke  is  95%  carbon,  and  the  soft  coal  is  60%  carbon  and  25%  volatile  matter.  Which  fuel 

would  give  you  more  heat  for  your  money? - .  Show  your  calculations. 

7800  x  .95-  7410  calories  per  gram  of  coke.  12  1  7410  =  .00162  (ratio) 

7800  x  .60=:  4680  calories  per  gram  of  soft  coal  (carbon).  11,500  x  .25  z 
2875  calories  per  gram  of  soft  coal  (volatile  matter).  4680  -f  2875  -  7555 
calories  per  gram  of  soft  coal.  8  f  7555  .00106  (ratio) 
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Experiment  42 


What  is  the  difference  between  the  gas  fuels? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  should  you  heat  and  cook  with  gas? 
What  advantage  does  gas  have  over  other 
fuels? 

All  fuel  gases  are  mixtures  of  different  hy¬ 
drogen  and  carbon  gases  that  will  burn.  Some 
of  them  also  contain  unbumable  nitrogen, 
oxygen,  and  carbon  dioxide. 

Each  gas  has  its  own  fuel  value  based  on  the 
compounds  that  it  contains.  If  a  gas  contains 


a  large  amount  of  unburnable  material,  it  will 
have  a  very  low  heat  value. 

The  following  table  shows  the  percentage  of 
average  approximate  composition  of  the  four 
most  important  fuel  gases  and  their  approxi¬ 
mate  average  B.T.U.  per  cubic  foot.  The  com¬ 
positions  vary  with  conditions  of  manufacture 
or,  in  the  case  of  natural  gas,  with  the  particu¬ 
lar  field  from  which  it  was  taken. 


NATURAL  GAS 

COAL  GAS 

WATER  GAS 

PRODUCER  GAS 

Methane 

73 

35 

0 

2 

Other  hydrocarbons 

3.5 

4.5 

0 

0 

Hydrogen 

21 

45 

50 

8 

Carbon  monoxide 

1 

7 

38 

24 

Oxygen 

.5 

.7 

1 

0 

Carbon  dioxide 

1 

.8 

4 

4 

Nitrogen 

0 

7 

7 

62 

Approximate  average 
B.T.U.  per  cubic  foot 

800-1000 

500 

300 

125 

To  protect  the  consumer,  who  is  unable  to 
measure  accurately  the  amount  of  heat  a  gas 
will  produce,  laws  have  been  enacted  in  the 
different  States,  setting  a  minimum  require¬ 
ment  for  the  amount  of  heat  each  cubic  foot 
of  gas  must  produce  in  order  to  be  sold  as  fuel. 
For  example,  in  the  Chicago  area  the  average 
heat  value  of  each  cubic  foot  of  mixed  gas 
must-be  800  B.T.U.  per  cubic  foot. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  451,  454 


Chemistry  and  You.  pp.  467-471 
Chemistry  at  Work.  pp.  439-443 
Chemistry  for  Secondary  Schools,  pp.  293-301 
Chemistry  in  Use.  pp.  189-197 
Dynamic  Chemistry,  pp.  615-617 
First  Book  in  Chemistry,  pp.  283-297,  529 
First  Principles  of  Chemistry,  pp.  433-440 
First  Year  of  Chemistry,  pp.  337-342 
Modern  Chemistry,  p.  319 
Modern  Everyday  Chemistry,  pp.  182-201 
Modern-Life  Chemistry,  pp.  627-633 
New  Practical  Chemistry,  pp.  434-439 
New  World  of  Chemistry,  pp.  352,  376-385 


„  .  .  TTT1  ,  ,  .  ,  ,  .  ,  ,  „  o  Carbon  (coal)  and  water  (steam) 

1.  (a)  What  materials  are  used  to  make  water  gas?  . : . . . - 

.  (b)  Express  the  reaction  in  an  equation. 


Hr) 0  +  C  — ^  CO  + 
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2.  (a)  What  materials  are  used  to  make  producer  gas?  . )..9.n£^ ..car^> 99. . 

99???-  1 .  (b)  Show  the  reaction  by  an  equation. 

2C  +  02 >  t  ^N2  ->  2C0  4  ^N2 

0  ,  x  TT  ,  j  jo  Instructive  distillation  of  soft  coal.  Coal 

3.  (a)  How  is  coal  gas  produced?  __ . 

heated  in  closed  ovens.  Gas  containing  methane,  hydrogen,  carbon  monoxide, 
etc . ,  driven  off . 


b)  What  other  products  are  made  at  the  same  time  that  coal  gas  is  made?  P.91??.* . _ .9.9?^. . 

ammonia 


4.  What  is  the  minimum  requirement  of  B.T.U.  per  cubic  foot  of  gas  in  your  State?  .. 

5.  What  must  be  done  to  an  artificial  gas  that  does  not  meet  the  specifications  required  before 

it  can  be  sold  as  a  heating  gas?  .Enriched  with  vaporized  hydrocarbons  (from  volatile 
petroleum  oils,  natural  gas,  etc.) 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Fused  sodium  acetate.  Soda  lime.  Soft  coal.  Charcoal  or  coke.  Wooden 
splints.  Litmus  paper. 

apparatus  needed:  Balance.  Hard  glass  test  tube.  Burette  clamp.  Two  ringstands.  Two  one- 
hole  rubber  stoppers.  Two  Bunsen  burners.  Glass  tubing.  Three  soft  glass  test  tubes.  Glass 
jar  or  pneumatic  trough  suitable  for  use  as  a  water  container.  One  two-hole  rubber  stopper. 
Wide-mouth  bottle.  Erlenmeyer  flask.  Wire  gauze.  Hard  glass  cylinder.  Condenser  clamp. 


Bell  jar.  Pinch  clamp  or  screw  clamp.  Rubber 

In  this  experiment  you  are  going  to  prepare 
the  most  important  gases  used  for  fuel  and  no¬ 
tice  how  they  burn. 

a.  Preparation  of  methane.  (Methane  is  the 
most  important  part  of  natural  gas.)  Place  a 
mixture  of  5  grams  of  fused  sodium  acetate 
and  10  grams  of  soda  lime  in  a  hard  glass  tube. 
Clamp  this  test  tube  to  your  ringstand  in  a 
vertical  position.  Equip  this  test  tube  with  a 
one-hole  stopper  and  a  glass  delivery  tube  bent 
so  that  its  outlet  will  be  near  the  bottom  of  a 
jar  of  water.  (Read  pp.  190  and  228.)  Fill 
two  or  three  test  tubes  with  water  and  invert 
them  in  your  jar  of  water.  Place  one  of  these 
tubes  directly  over  the  delivery  tube  outlet  so 
that  any  gas  liberated  will  displace  the  water 
in  the  tube.  See  the  diagram  in  the  next 
column. 


tubing.  Mortar  and  iron  pestle.  Thistle  tube. 


Heat  the  sodium  acetate-soda  lime  mixture. 
As  soon  as  you  have  collected  a  test  tube  of 
gas,  light  it  with  a  glowing  splint.  Notice  the 
kind  of  flame  produced  by  the  burning  gas. 
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You  have  a  mixture  of  air  and  methane  gas 
in  your  tube. 

Without  disconnecting  your  apparatus,  col¬ 
lect  another  test  tube  of  gas.  This  should  be 
pure  methane.  Light  it  and  then  notice  any 
difference  between  burning  pure  methane  and 
burning  a  mixture  of  air  and  methane. 

If  you  have  ever  smelled  natural  gas,  com¬ 
pare  its  odor  with  the  methane  you  prepared. 
b.  Preparation  of  coal  gas.  In  this  part  of  the 
experiment  you  are  going  to  prepare  coal  gas 
by  heating  soft  coal.  Commercially,  this  proc¬ 
ess  is  known  as  destructive  distillation  and 
is  carried  out  in  by-product  ovens. 

Place  5  grams  of  powdered  soft  coal  in  a 
hard  glass  test  tube  equipped  with  a  one-hole 
stopper.  Clamp  it  to  your  ringstand.  Place  a 
delivery  tube  through  the  stopper  and  run  it 
into  a  wide-mouth  bottle  fitted  with  a  two- 
hole  stopper  and  containing  a  small  amount 
of  water. 

Bend  a  piece  of  glass  tubing  at  right  angles 
and  draw  out  one  of  the  ends  to  a  fine  point. 
Attach  this  tube  to  the  bottle. 


POINTED 
GLASS  TIP 


When  you  are  sure  your  connections  are 
tight,  start  heating  the  coal.  Notice  the  forma¬ 
tion  of  the  yellow  gas.  After  this  gas  has 
passed  through  the  water,  light  it  at  the  end 
of  your  pointed  glass  tube.  Compare  the  color 
of  this  flame  with  that  produced  by  methane. 

After  no  more  gas  is  liberated,  disconnect 
your  apparatus  and  examine  the  coke  that  is 
left  in  the  test  tube  and  the  tar  that  has  con¬ 
densed  in  the  water.  These  two  materials,  to¬ 
gether  with  coal  gas,  are  products  obtained  in 
the  destructive  distillation  of  soft  coal.  Test 
the  solution  in  the  bottle  with  both  red  and 
blue  litmus  and  notice  the  results. 


c.  Preparation  of  water  gas.  In  this  part  of 
the  experiment  you  are  going  to  prepare  water 
gas.  Fill  your  Erlenmeyer  flask  half  full  of 
water  and  equip  it  with  a  two-hole  stopper, 
thistle  tube,  and  delivery  tube.  Attach  the 
tube  through  a  one-hole  stopper  to  a  hard 
glass  cylinder  in  which  you  have  placed  about 
15  grams  of  charcoal  or  coke.  Support  the 


cylinder  with  a  condenser  clamp  and  ring- 
stand.  At  the  other  end  of  the  cylinder  insert 
a  one-hole  stopper  fitted  with  a  delivery  tube 
leading  into  a  jar  of  water.  Place  a  bell  jar  full 
of  water  over  the  delivery  tube.  Have  another 
glass  tube  fitted  with  rubber  tubing  attached 
to  the  top  of  the  bell  jar  and  attach  a  pinch 
clamp  or  screw  clamp  so  that  you  can  regulate 
the  flow  of  gas  after  it  has  been  made. 

Start  heating  the  water  in  the  flask  until  it 
is  boiling  and  the  steam  is  passing  over  the 
charcoal  or  coke.  Then  light  another  burner 
and  heat  the  charcoal  or  coke.  The  steam, 
which  does  not  react  with  the  coke,  will  con¬ 
dense  in  the  jar  of  water,  while  the  water  gas 
will  collect  in  the  bell  jar.  Notice  how  the  bell 
jar  rises  as  the  gas  collects  just  as  commercial 
gas  holders  do  when  they  are  being  filled. 

When  you  have  a  supply  of  gas  collected, 
loosen  the  clamp  and  light  the  gas.  Caution! 
Do  not  inhale  the  water  gas.  It  contains  poi¬ 
sonous  carbon  monoxide.  Compare  the  color 
of  this  flame  with  that  produced  by  methane. 

Producer  gas  is  made  by  blowing  air  in¬ 
stead  of  steam  over  hot  carbon.  Since  this 
process  does  not  remove  any  of  the  nitrogen 
from  the  air,  producer  gas  contains  over  60% 
unburnable  nitrogen.  As  a  result,  it  has  the 
lowest  heat  value  of  any  of  the  fuel  gases  and 
is  unsuitable  for  home  heating  or  cooking. 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  difference  did  you  notice  between  burning  a  mixture  of  air  and  methane  and  burn¬ 
ing  pure  methane?  M:Ijc‘tur0  explodes.  Cannot  be  controlled.  Pure  methane  burns 

with  even  blue  flame. 


2.  (a)  Does  the  solution  produced  by  bubbling  coal  gas  through  water  act  as  a  base  or  an 

acid?  ...Baae .  (b)  What  does  the  solution  contain?  .  .^onUm  hydride . 

3.  How  does  the  flame  produced  by  burning  coal  gas  differ  from  that  produced  by  burning 

methane9  Coal  gas  burns  with  yellow  flame.  Free  carbon  produced.  Methane 
burns  with  blue  flame.  Little  free  carbon  produced. 


4.  What  is  the  difference  between  the  color  of  the  flame  made  by  burning  water  gas  and  that 
made  by  burning  methane?  Very  little.  Ifelther  flame  contains  much  free  carbon. 


CONSUMER  APPLICATIONS 

1.  How  many  cubic  feet  of  each  of  the  gases  shown  in  the  table  on  page  177  will  be  required 
to  raise  the  temperature  of  30  gallons  of  water  from  60°  F.  to  160°  F.?  (1  gallon  of  water 
weighs  8  lbs.) 

a)  Natural  gas  (800  B.T.U.)  P.9. .  Calculations  . .^.99.  _ 9\ >. 999. ). . . .§99. _ P. 9 

b )  Coal  gas  (500  B.T.U.)  . .  Calculations  .9^>99.9..L5.99=A& . 

c)  Water  gas  (200  B.T.U.)  . .??_?_ .  Calculations  .2^/.99°.  .7  200  =  . 12  9. . . 

d )  Producer  gas  (125  B.T.U.)  999. .  Calculations  .9^./.99.9..~.  99.P  . 999. . 

2.  Why  do  most  cities  where  water  gas  is  used  for  cooking  and  heating  require  that  some 

other  gas  with  a  noticeable  odor  be  mixed  with  the  water  gas?  . on^,a^ns . . car^ on . 9$. > 
odorless,  colorless,  very  poisonous  gas.  Gas  with  odor  added  so  escaping  gas 

can  be  detected. 
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Experiment  43 

How  can  fuel  oils  be  tested? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  do  we  use  liquid  fuels?  How  much 
heat  can  we  get  from  oil? 

Crude  oil  was  used  as  a  fuel  long  before 
chemists  discovered  that  it  could  be  broken 
down  into  gasoline,  kerosene,  naphtha,  and 
the  other  petroleum  products  we  know  today. 
All  of  the  petroleum  products  will  burn,  and 
their  burning  and  exploding  serve  us  in  many 
ways.  At  present  many  homes  are  heated  with 
fuel  oil.  This  is  the  liquid  left  after  benzine, 
gasoline,  and  kerosene  have  been  removed 
from  the  crude  oil.  Fuel  oil  is  also  used  to  fur¬ 
nish  the  power  for  Diesel  engines.  Ocean 
liners,  streamlined  trains,  and  automobile 
trucks  and  buses  are  often  equipped  with  this 


type  of  engine,  which  has  greatly  reduced 
transportation  costs. 

Fuel  oils  differ  in  their  specific  gravity,  in 
the  temperature  at  which  they  catch  fire,  and 
in  the  amount  of  heat  they  will  yield.  Although 
they  are  mostly  compounds  of  hydrogen  and 
carbon,  some  oils  also  contain  free  and  com¬ 
bined  sulfur.  Mexican  crude  oil  has  a  sulfur 
content  of  nearly  5%,  which  is  very  high, 
while  Pennsylvania  crude  has  only  about 
.06%,  the  lowest  of  any  American  oil.  Sulfur 
is  objectionable  in  fuel  oil  because  of  the  cor¬ 
rosive  action  of  its  compounds. 

The  following  table  shows  the  specifications 
for  some  fuel  oils. 


A.P.I.  GRAVITY 

FLASH  POINT 

FIRE  POINT 

B.T.U.  PER  GALLON 
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145°  F. 
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1 
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OO 

to 
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o 

270°  F. 

155,373 

In  heating  a  home  with  fuel  oil,  the  type  of 
burner  used  is  very  important.  Some  burners 
are  constructed  to  handle  only  light  oils.  Some 
require  a  mechanical  draft.  Others  must  have 
the  oil  preheated.  In  order  to  get  the  most  heat 
for  your  money,  be  sure  that  you  are  using  the 
highest  B.T.U.  oil  that  your  burner  can  handle. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  p.  474 
Chemistry  and  You.  p.  101 


Chemistry  at  Work.  pp.  428-432 
Chemistry  for  Secondary  Schools,  pp.  289-293 
Chemistry  in  Use.  pp.  185-189 
Dynamic  Chemistry,  pp.  339,  608 
First  Book  in  Chemistry,  pp.  522-529 
First  Principles  of  Chemistry,  pp.  440-444 
First  Year  of  Chemistry,  pp.  520-521 
Modern  Chemistry,  p.  317 
Modern  Everyday  Chemistry,  pp.  202-215 
Modern-Life  Chemistry,  pp.  620-627 
New  Practical  Chemistry,  pp.  424,  427-434 
New  World  of  Chemistry,  pp.  352,  558-570 


„  ,  .  ._  Ratio  of  weight  of  substance  to  weight  of 

1.  Explain  what  specific  gravity  means . 

equal  volume  of  standard  substance  (water  at  C.  for  liquids  and  solids). 
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2.  One  of  the  compounds  present  in  fuel  oil  is  C14H30.  Show  by  an  equation  what  happens 
when  it  burns. 

2C 14H3  Q  ^  ^3  ^2  — ^  28CO2  f 

3.  Show  by  an  equation  what  happens  when  sulfur  bums. 

S  +  Qg  — >  SO2 


4.  (a)  What  is  formed  when  sulfur  dioxide  reacts  with  water?  . 

b )  Show  this  reaction  by  an  equation. 

SO2  4  H2SO5 

5.  How  does  the  compound  formed  in  the  reaction  of  question  4  affect  iron  and  house  paint? 

Will  form  ferrous  sulfite  and  hydrogen  in  reaction  with  iron.  Will  reduce 

house  paint  containing  white  lead  to  black  lead  sulfide. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Two  different  samples  of  fuel  oil.  Two  different-colored  pencils. 
apparatus  needed:  100  ml  graduate.  Hydrometer.  250  ml  distilling  flask.  Ring  and  ring- 
stand.  Wire  gauze.  Liebig  condenser.  Glass  beads  or  bits  of  glass  tubing.  Fahrenheit  ther¬ 
mometer  reading  to  420°.  One-hole  rubber  stopper.  Bunsen  burner. 


In  this  experiment  you  are  going  to  compare 
fuel  oils  by  finding  their  specific  gravities  and 
the  temperatures  at  which  they  will  vaporize. 
a.  Specific  gravity.  The  specific  gravity  of  a 
fuel  oil  will  show  whether  it  is  light  or  heavy. 
The  lighter  oils  flow  freely  and  burn  more 
readily,  but  the  heavier  oils  yield  more  B.T.U. 
per  gallon.  Instead  of  using  the  absolute  spe¬ 
cific  gravity  scale,  the  American  Petroleum  In¬ 
stitute  has  established  a  scale  known  as  the 
A.P.I.  gravity,  which  is  used  for  petroleum 
products.  This  scale  is  based  on  the  formula: 

141.5 

- - - 131. 5  =  A.P.I.  gravity 

specific  gravity 


Water  with  a  specific  gravity  of  1.00  would  be 
10°  A.P.I.  An  oil  with  a  specific  gravity  of  .80 
would  be  45°  A.P.I. 

Place  about  100  ml  of  one  of  the  samples  of 
oil  to  be  tested  in  a  100  ml  graduate.  Place 
your  hydrometer  in  the  oil  and  determine 
its  specific  gravity.  Record  this  figure  in  the 
table. 

Then  determine  the  A.P.I.  gravity  by  sub¬ 
stituting  in  the  formula  shown  in  the  left-hand 
column.  Record  your  results  in  the  table. 

Determine  and  record  the  A.P.I.  gravity  of 
the  other  oil  sample  in  the  same  manner. 
Save  the  oil  samples  for  Part  B  of  this  ex¬ 
periment. 


FUEL  OIL  SAMPLE 

SPECIFIC  GRAVITY 

A.P.I.  GRAVITY 
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NAME 


DATE 


PERIOD 


RATING 


b.  Vaporizing  temperature.  One  of  the  com¬ 
mon  ways  of  classifying  all  types  of  oil  is  by 
the  flash-  and  fire-point  tests.  The  flash  point 
is  the  lowest  temperature  at  which  an  oil  will 
give  a  flash  when  touched  with  a  small-bead 
flame.  The  fire  point  is  the  lowest  temperature 
at  which  an  oil  will  catch  fire  and  burn. 

In  determining  the  value  of  a  fuel  oil  these 
tests  are  not  sufficient.  Fuel  oil  may  be  a  mix¬ 
ture  of  two  or  more  oils,  only  one  of  which 
will  have  satisfactory  flash  and  fire  points.  If 
this  oil  was  given  only  flash  and  fire  tests,  it 
would  appear  to  be  a  desirable  fuel.  But  a  con¬ 
sumer  would  have  a  great  deal  of  trouble  in 
keeping  an  oil  like  this  lit.  To  determine 
whether  or  not  a  fuel  oil  is  uniform  and  not 
a  mixture  of  a  low  flash  and  a  high  flash  oil, 
it  should  be  distilled  and  a  record  made  of  the 
different  vaporization  points. 

Place  exactly  100  ml  of  oil  to  be  tested  in  a 
250  ml  distilling  flask.  Clamp  the  flask  to  a 
ringstand  and  place  a  wire  gauze  under  it. 
Attach  the  flask  to  a  Liebig  condenser  cooled 
with  a  continuous  stream  of  running  water. 
Use  a  100  ml  graduate  to  collect  and  measure 
the  oil  distilled  over.  Drop  a  few  glass  beads 
or  pieces  of  glass  tubing  into  the  distilling 
flask  to  break  up  the  bubbles  and  prevent  any 
shaking  of  the  apparatus  known  as  “bump¬ 
ing.”  Place  a  Fahrenheit  thermometer  in  a 
one-hole  stopper  and  fit  it  to  the  flask,  being 
sure  that  the  bulb  of  the  thermometer  is  below 


the  surface  of  the  oil.  Start  heating  your  flask 
with  the  Bunsen  burner. 


As  soon  as  the  first  drop  of  liquid  has  dis¬ 
tilled  over,  mark  the  point  on  the  graph.  Con¬ 
tinue  heating  with  a  slow,  steady  flame.  As 
soon  as  you  have  collected  10  ml  of  oil  in  youi 
graduate,  read  the  temperature  and  record  il 
on  the  graph.  Do  this  again  when  you  have 
20  ml,  30  ml,  40  ml,  and  so  on. 

When  your  distilling  flask  is  dry  or  no  more 
oil  will  vaporize,  cool  your  flask,  clean  it,  and 
fill  it  with  100  ml  of  your  second  sample  and 
repeat  the  distillation. 

Connect  the  points  you  have  made  on  the 
graph  for  each  oil,  using  a  different-colored 
pencil  for  each  oil.  A  uniform  curve  without 
any  sharp  breaks  indicates  a  uniform  oil  that 
will  comply  with  its  flash  and  fire  test. 
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CONCLUSION'S  FROM  THE  EXPERIMENT 
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Experiment  44 

Whaf  determines  how  good  a  gasoline  is? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  do  some  gasolines  work  better  tbar. 
others?  How  can  you  decide  which  gasoline 

to  use  0 

Practically  all  of  the  gasoline  made  m  the 
United  States  receives  some  kind  of  chemical 
treatment  before  it  is  sold  to  the  public  This 
is  done  to  improve  color  and  odor  and  to  re¬ 
move  the  corrosive  and  gum-forming  com¬ 
pounds.  The  most  objectionable  of  these  are 
sulfur  and  sulfur  compounds.  A  good  gasoline 
should  be  free  from  all  corrosive  materials, 
dirt,  and  water.  Many  large  users  of  gasoline, 
such  as  the  United  States  government,  give 
definite  specifications  for  the  gasoline  they  are 
going  to  buy.  Among  the  things  they  require 
is  a  specified  octane  rating,  low  sulfur  content, 
definite  antiknock  properties,  and  specified 
distillation  temperatures. 

Gasoline  is  a  mixture  of  hydrocarbons  ob¬ 
tained  from  erode  oil  and  natural  gas.  It  can 
also  be  made  synthetically  from  eon  .fit  me 
present  time  two  difierent  processes  are  'used 
to  orecare  gasoline  from  crude  oil.  The  older 
of  these  is  the  "cracking  process,  wnich 
breaks  down  the  heavier  hydrocarbon  mole¬ 
cules  of  the  crude  oil  into  the  lighter  molecules 
that  make  up  gasoline.  The  other  process  is 
the  polymerization  process,  which,  com  ernes 
the  lighter  gaseous  molecules  into  larger  mole- 


ocs.  produced  in  a 
1: 


rules  that  will  then  firm  gas-tune  fit tit  of 
these  processes  increase  the  yield  of  gas-time 
mat  can  be  obtained  from  crude  cih 

To  improve  further  the  quality  c:  gas-time 
lead  tetra-ethyl  is  added.  This  compound  will 

reduce  the  amount  of - ' 

motcr  burning  s-tme  of  me  gas-tunes 

Since  gas-t line  is  a  mixture  cf  difierent  hy 
drccarbcns  and  the  composition  of  a 
will  vary,  gasolines  are  rated  by  the  p 
age  of  cne  of  these  hydrocarbons  present.  The 
cue  -used  for  comparative  purposes  is  cetane 
[C.H-fi:  hence,  the  term  "octane  rating 
Before  doing  the  experiment,  answer  the 
questions-  Refer  to  your  chemistry  bock 


Chemistry  ar.d  Its  Wonders  pp  644-045 
Chemistry  and  You .  pp  4c  1-43  ~ 

Chemistry  at  W or'-:,  pp  431-431  449-451 
Chemistry  for  Seccndum  Schools  pp  292-293 
Cteristm  in  Use  pp  IS 5-1  Sr* 

Dynamic  Chernisrry.  pp.  609-fill 
first  Book  in  Chemistry,  pp  455  526-523 
first  principles  oj  Chemistry  pp  445-44’: 
first  Year  of  Chemistry,  p  521 
Modem  Chemistry.  pp.  31S.  6S0.  6S3 
Modem  Every tut  fiber :s:m  pp  219-2*  1 
Modem-Life  Chemistry,  p  324 
New  Practice I  Chemistry,  pp  429-434 
Xeic  World  of  Chemistry  pp  561-570 


^  ♦a  y  **  a*  '  *  ♦  aj* 

1.  What  compounds  are  usually  present  in  gasounei1  .1  m  __ u — - -  Pm..  '’L 

hydrccarb  ore  (heptane  to  decane). 


9 


„  ,  .  .  .  Percentage  of  octane  or  ite  equivalent  in 

Explain  what  octane  rating  means . . . — - - 


gasoline,  'used  in  rating  gas  cline  . 


Gasoline  to  which  lead  tetra-ethyl  (  cr  ethylene 
3.  What  is  "ethyl  "  gasoline? - 

dibremide)  has  been  added  to  reduce  knocking  in  notcr. 

1S5 
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4.  How  does  the  initial  boiling  point  affect  the  efficiency  of  a  winter  gasoline? 

lowest  temperature  at  which  gasoline  will  vaporize. 

5.  Do  all  gasolines  have  the  same  boiling-point  ranges?  .  Why? 

ture  of  hydrocarbons.  Amount  of  each  hydrocarbon  varies  in  different  gaso¬ 
lines  . 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  i  Four  different  samples  of  regular  gasoline.  Four  colored  pencils. 
apparatus  needed  i  250  ml  distilling  flask.  One-hole  stopper.  Electric  heater  or  Bunsen  burner. 
Graduate.  Ringstand,  ring,  and  clamp.  Wire  gauze.  Condenser  tube  packed  in  ice  or  Liebig 
condenser.  Fahrenheit  thermometer  reading  to  455°.  Filter  paper.  Bits  of  glass  tubing  or 
porcelain.  Cotton. 


In  this  experiment  you  will  determine  the 
temperature  at  which  the  different  portions  of 
gasoline  vaporize.  Since  gasoline  is  a  mixture 
of  different  hydrocarbon  compounds,  it  will 
have  no  constant  boiling  point.  Each  of  the 
compounds  present  will  boil  away  at  its  own 
vaporization  temperature.  If  you  use  a  Bun¬ 
sen  burner,  keep  the  flame  away  from  the 
gasoline. 


Using  a  100  ml  graduate,  measure  out  ex¬ 
actly  100  ml  of  gasoline  to  be  tested.  Place  it 
in  the  250  ml  distilling  flask.  Do  not  dry  your 
graduate  but  place  it  directly  over  the  con¬ 
denser  tube  as  shown  in  the  diagram.  The  top 
of  the  graduate  should  be  covered  with  several 
sheets  of  filter  paper  as  this  will  help  eliminate 
the  evaporation  of  the  gasoline.  Place  a  few 
small  pieces  of  glass  tubing  or  bits  of  porce¬ 
lain  in  the  flask  to  avoid  the  “bumping”  of  the 
gasoline.  Place  your  thermometer  in  the  flask 
so  that  the  cork  fits  snugly  and  the  bulb  is 
covered  with  a  film  of  absorbent  cotton. 


Connect  the  flask  to  the  condenser  tube  and 
set  your  heater  at  a  low  heat.  The  first  drop 
of  gasoline  should  fall  from  the  tube  between 
5  and  10  minutes  after  heating  has  started. 
Mark  the  lowest  boiling  point  on  the  graph. 
This  point  is  the  temperature  on  the  ther¬ 
mometer  when  the  first  drop  falls  from  the  end 
of  the  tube  into  the  graduate.  You  may  then 
gradually  increase  the  heat  so  that  the  rate  of 
distillation  is  about  5  ml  a  minute.  When  you 
have  5  ml  of  gasoline  in  the  graduate,  read 
the  temperature  again  and  record  it  on  the 
graph.  Repeat  at  10  ml,  15  ml,  and  so  on. 

Continue  heating  the  gasoline  in  the  flask 
until  the  bottom  of  the  flask  has  boiled  dry 
and  the  column  of  mercury  in  the  thermom¬ 
eter  reaches  a  maximum  and  starts  to  go  down. 
Allow  the  condenser  tube  to  drain  for  at  least 
five  minutes  after  the  heat  has  been  turned 
off.  Then  take  the  final  reading  of  the  amount 
of  gasoline  in  your  graduate.  Connect  the 
points  on  the  graph  by  drawing  a  pencil  line 
between  them. 

Repeat  with  other  gasolines.  Draw  the  dis¬ 
tillation  lines  with  different-colored  pencils. 

A  gasoline  whose  vaporization  line  falls 
below  the  maximum  line  of  the  graph  will 
contain  hydrocarbons  commonly  found  in  kero¬ 
sene  and  furnace  oil.  These  hydrocarbons 
are  heavier  and  have  a  higher  kindling  point 
than  gasoline.  An  automobile  engine  is  not 
constructed  to  burn  them  efficiently.  When 
found  in  gasoline,  they  tend  to  leave  deposits 
of  unburned  carbon  on  the  pistons  and  cylin¬ 
ders,  thus  reducing  the  efficiency  of  the  engine. 
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name _ DATE _  PERIOD _ RATING 

MILLILITERS  OF  GASOLINE 


0  5  10  15  20  25  30  35  40  4  5  5  0  5  5  60  65  70  75  8  0  85  90  95  100 


(The  vaporization  line  should  not  go  below  the  maximum  line  on  the  graph.  If  it  does,  the 
gasoline  contains  hydrocarbons  unsuitable  for  use  in  an  automobile  engine.) 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Is  there  a  noticeable  difference  in  the  gasolines  you  tested? . Give  examples  to  illus¬ 
trate  your  answer  depends  on  gasolines  tested.  Will  ustmlly  meet 

government  specifications .  ) 


2.  If  the  distillation  of  a  gasoline  began  at  a  higher  temperature  than  the  maximum  line  of 

the  graph,  would  it  be  an  easy-starting  gasoline?  .  Explain. 

low  enough  temperatures  for  easy  starting. 


3.  What  compounds  can  be  mixed  with  gasoline  that  lower  its  quality?  . 

high  boiling-point  hydrocarbons 

4.  What  material  is  formed  when  there  is  incomplete  combustion  of  gasoline  or  kerosene? 

Carbon 

CONSUMER  APPLICATIONS 

1.  Which  one  of  the  gasolines  you  tested  would  you  prefer  for  winter  driving?  . . 

will  vary. )  Why9  Contains  enough  low  boiling-point  hydrocarbons 

for  easy  starting. 


2.  It  has  been  suggested  that  the  Federal  Government  supervise  and  control  the  quality  of 
gasoline.  What  would  be  the  advantages  of  such  a  plan?  (Answers,  will  vary. )  Consumer 
would  know  gasoline  he  buys  meets  certain  definite  standards,  etc. 


3. 


What  properties  should  you  look  for  in  selecting  gasoline? 


1.  Easy  starting. 


2.  Enough  higher  hydrocarbons  for  ample  power.  3*  Low  sulfur  content,  k. 


Anti-knock  properties.  Nothing  to  clog  carburetor.  6.  Low  price. 
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Lubricants 


“  PJUT  some  oil  on  that  squeak.”  Noises  and  squeaks  caused  by  friction  have  always 
■  irritated  people’s  ears.  But  the  noise  has  not  been  so  costly  as  the  wear  on  machinery. 
To  overcome  this  needless  wear  on  fast  moving  parts  and  to  decrease  friction,  man  has 
learned  to  use  lubricants.  The  kind  of  lubricant  to  be  used  depends  on  the  type  of  friction 
and  the  speed  and  temperature  of  the  moving  parts.  Any  lubricant  that  will  gum  or  cause 
corrosion  should  not  be  used. 

Lubricants  may  be  generally  classified  as  liquids,  semi-solids,  and  solids.  As  liquids 
there  are  the  different  kinds  of  oils,  mineral,  vegetable,  and  animal.  The  heavy  greases, 
such  as  axle  grease  and  cup  grease,  are  semi-solids;  while  the  element  carbon,  in  the  form 
of  graphite,  is  the  most  important  and  useful  solid  lubricant.  Most  of  today’s  lubricants 
are  made  from  petroleum.  These  are  known  as  mineral  oils,  but  certain  types  of  machinery 
are  still  oiled  with  animal  and  vegetable  oils. 

Grease  is  usually  a  combination  of  an  oil  and  a  soap.  The  development  of  modern  high¬ 
speed  machinery  has  brought  about  many  specialized  greases,  each  made  to  fulfill  certain 
requirements.  Many  of  the  large  grease  manufacturers  make  over  three  hundred  different 
varieties  and  consistencies  of  grease,  in  all  sorts  of  forms.  Some  even  contain  horsehair  or 
strands  of  wool  or  yarn.  In  consistency  they  vary  from  those  which  must  be  cut  with  a 
knife  to  those  which  pour  easily.  There  are  cooling  sticks,  grease  blocks,  grease  rats,  and 
many  other  forms.  Cooling  sticks  are  used  to  relieve  hotboxes  on  locomotives  and  railroad 
cars.  Grease  blocks  are  used  on  hot  parts  of  rolling  mills.  Strands  of  grease-soaked  wool, 
called  grease  rats,  are  wrapped  around  open  bearings. 
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The  solid  lubricants  are  especially  useful  for  heavily  loaded  bearings  or  for  bearings  hard 
to  reach  with  a  liquid  lubricant.  Graphite,  when  crushed,  forms  a  finely  divided  powder. 
This  powder  may  be  used  as  it  is  or  it  may  be  mixed  with  oil  to  form  “oildag”  or  with  water 
to  form  “aquadag.”  Mica  and  talc  are  two  other  solids  commonly  used  as  lubricants. 


CUTTING  AND  FIRE-POLISHING  GLASS  TUBING 


In  your  work  in  the  laboratory  you  will 
sometimes  need  to  cut  a  piece  of  glass  tubing 
the  right  length  for  the  apparatus  needed  in 
the  experiment.  Figure  1  shows  you  the  steps 
that  are  necessary  in  breaking  a  piece  of  tub¬ 
ing  properly. 

All  glass  tubes  used  for  experiments  should 
have  their  sharp  corners  rounded  in  a  flame 
as  shown  in  the  series  of  diagrams  in  Figure  2. 
This  is  called  fire-polishing. 

To  make  a  stirring  rod,  hold  the  tube  in  the 
flame  until  the  end  of  the  opening  is  sealed 
shut.  Then  seal  the  other  end  in  the  same  way. 


To  push  a  glass  tube  (or  thermometer) 
through  a  hole  in  a  stopper,  first  wet  both  the 
stopper  and  the  glass  with  clean  water.  Then 
carefully  twist  the  tube  in.  If  the  fit  is  tight, 
be  very  careful.  Otherwise  you  will  break  the 
glass. 

It  is  a  good  idea  to  hold  both  the  glass  and 
the  stopper  with  a  heavy  cloth.  This  will  pro¬ 
tect  your  hands  from  cuts  if  the  glass  tube 
breaks. 

For  bending  glass  tubing,  see  the  laboratory 
help  on  page  228.  You  may  need  this  in¬ 
formation  in  making  delivery  tubes. 


ONE  STRONG  FORWARD  PUSH  WITH  EDGE 
OF  A  SHARP  TRIANGULAR  FILE 


TUBE  WITH 


SHARP 


EDGES 


STEP  I 


BLUE 

FLAME 


STEP  2 


FIRE-  POLISHED 
END  OF  TUBE 


F/6UP£  2 
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SUGGESTIONS  FOR  TEACHING  UNIT  10 


Some  of  the  more  commonly  used  commercial 
tests  for  lubricating  oils  are  given  in  this  unit. 
The  tests  are  both  physical  and  chemical.  These 
experiments  will  acquaint  the  students  with  the 
methods  used  in  testing  lubricants  as  well  as  the 
qualifications  of  a  good  lubricant. 

If  very  accurate  results  are  required,  officially 
tested  equipment  should  be  used.  This  type  of 
equipment  may  be  purchased  from  scientific  sup¬ 
ply  houses.  But  if  your  school  has  a  machine  shop, 
it  can  be  made  at  a  reasonable  cost.  Exact  specifi¬ 
cations  for  this  equipment  can  be  secured  from 
the  Federal  Standard  Stock  Catalog,  issued  by  the 
U.  S.  Government,  Bulletin  No.  V  V-L-791  a,  Oct. 
2,  1934. 

OBJECTIVES  OF  THE  UNIT 

1.  To  learn  the  meaning  of  viscosity  and  how  to 
determine  the  viscosity  of  lubricating  oils  (Exp. 
45). 

2.  To  learn  the  effect  of  temperature  on  the 
fluidity  of  oils  and  how  to  determine  the  pour  point 
of  oils  (Exp.  46) . 

3.  To  understand  why  oils  break  down  (Exp. 
47). 

4.  To  understand  the  effect  of  water  and  acid 
in  oils  on  metals  (Exp.  48). 

5.  To  be  able  to  determine  the  amount  of  acid 
in  oils  (Exp.  49) . 

6.  To  know  the  meaning  of  the  neutralization 
number  of  oils  (Exp.  49) . 

7.  To  be  able  to  judge  the  value  of  lubricating 
oils  (Exp.  45,  46,  47,  48,  49). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  effect  of  temperature  on  the  viscosity  of 
oils  (Exp.  45,  46) . 

2.  The  “cracking”  of  hydrocarbons  (Exp.  47). 

3.  The  effect  of  corrosive  solutions  on  metal 
(Exp.  48). 

4.  Neutralization  (Exp.  49) . 

5.  The  meaning  of  S.A.E.  ratings  (Exp.  45) . 

HINTS  TO  THE  TEACHER 

Experiment  45.  The  cost  of  the  Saybolt  vis¬ 
cosimeter  makes  its  use  in  school  laboratories 
almost  prohibitive.  However,  the  cost  of  the  ma¬ 
terials  will  not  exceed  $10.00  if  it  is  made  in  the 
school  machine  shop.  The  regular  viscosimeter 
would  only  be  used  for  demonstrations  or  by  a 
few  students  particularly  interested  in  oil  analysis. 

This  experiment  can  be  done  with  pipettes. 
The  results  will  be  accurate  enough  for  compari¬ 
sons.  The  pipettes  will  satisfactorily  demonstrate 
the  principle  involved  in  the  experiment. 


Experiment  46.  This  experiment  should  be  very 
practical  for  pupils  living  in  areas  of  our  country 
subjected  to  freezing  temperatures.  Some  lubri¬ 
cating  oils  solidify  at  temperatures  as  high  as 
40°  F. 

If  an  oil  is  to  lubricate  the  moving  parts  of  an 
engine,  it  must  remain  in  a  liquid  state  so  as  to 
circulate.  Have  the  students  test  oils  that  are  used 
in  the  community  during  the  winter  months.  (If 
commercial  oils  are  compared,  caution  the  pupils 
that  the  data  is  their  own  and  not  the  school’s.) 

Experiment  47.  This  test  is  of  the  greatest  value 
when  applied  to  oils  used  for  summer  driving. 
Fairly  accurate  results  are  obtained  by  substitut¬ 
ing  evaporating  dishes  for  the  official  open  cup. 
If  very  accurate  data  is  desired,  the  official  appa¬ 
ratus  should  be  used. 

Experiment  48.  Perform  this  experiment  with 
Experiment  49.  Have  the  students  start  this  ex¬ 
periment.  Then  while  the  oils  are  being  heated, 
have  them  perform  Experiment  49. 

An  oil  containing  acids  that  will  react  with  cop¬ 
per  will  of  course  react  more  easily  with  iron  and 
aluminum.  This  offers  an  opportunity  to  introduce 
the  replacement  or  electromotive  series  of  metals. 

Experiment  49.  The  .1  normal  solution  of  potas¬ 
sium  hydroxide  is  prepared  by  dissolving  5.6 
grams  of  C.P.  potassium  hydroxide  in  distilled 
water  and  then  making  up  the  total  volume  to 
exactly  one  liter.  Ordinarily  it  is  not  necessary 
for  the  instructor  to  titrate  this  solution  against  a 
.  known  acid,  because  the  error  in  the  results  of  the 
students’  work  would  be  very  slight.  However,  if 
exact  results  are  desired,  standardize  the  potas¬ 
sium  hydroxide  by  titrating  against  benzoic  acid 
of  known  purity. 

It  is  suggested  that  a  sufficient  amount  of  potas¬ 
sium  hydroxide  solution  be  prepared  at  one  time 
so  that  everyone  performing  the  experiment  will 
use  the  same  concentration.  The  bottle  should  be 
equipped  with  a  siphon  attachment  as  shown  in 
the  diagram  on  page  12a,  so  that  each  student  can 
fill  his  burette  directly  from  the  siphon. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

100  ml  acetone 

250  ml  denatured  alcohol 

1  quart  each,  oil  of  three  different  S.A.E.  rat¬ 
ings  (same  brand) 

1  quart  each,  oil  of  three  different  brands 
(same  S.A.E.  rating) 

15  copper  strips 
1  lb.  dry  ice  (or  ice  and  salt) 

5.6  gm  potassium  hydroxide  pellets 
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APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  triple-beam  balance 
5  25-ml  burettes 
5  burette  clamps 
5  Bunsen  burners 
5  150-ml  beakers 
5  250-ml  beakers 
5  400-ml  beakers 
5  evaporating  dishes  (3  in.) 

5  10-ml  or  25-ml  graduates 
glass  tubing 

5  pinch  clamps  or  screw  clamps 
5  10-ml  pipettes 
5  rings  and  ringstands 
5  one-hole  rubber  stoppers 
rubber  tubing 
15  test  tubes  (6  in.) 

5  test  tubes  (1  in.  diameter) 

5  thermometers,  — 10°  to  220°  F. 

5  thermometers,  to  650°  F. 

5  tongs  or  forceps 
5  glass  stirring  rods 
1  stopwatch 

10  wire  gauzes  (asbestos  centers) 


5  medicine  droppers 
1  Saybolt  viscosimeter  (optional) 

1  60-ml  receiving  flask  (optional) 

1  ring  burner  (optional) 

SUGGESTED  PROJECTS 

1.  Preparation  of  a  grease. 

2.  Preparation  of  colloidal  suspensions  of 
graphite  in  water  and  in  oil. 

3.  Complete  testing  of  different  brands  of  lubri¬ 
cating  oils  having  the  same  S.A.E.  ratings. 

4.  Making  official  oil-testing  apparatus  useful 
in  demonstrating  the  commercial  tests  of  lubri¬ 
cants  (machine-shop  students) . 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  The  meaning  of  S.A.E.  ratings. 

2.  The  effect  of  winter  driving  on  oils. 

3.  Why  do  some  cars  use  up  lubricating  oils? 

4.  What  effect  does  wax  have  on  lubricating 
oils? 

5.  Where  should  compounded  oils  be  used? 

6.  What  is  the  value  of  reclaimed  oils? 

7.  When  should  the  lubricating  oil  be  changed 
in  an  automobile? 
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DATE 


PERIOD 
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RATING 


Experiment  45 

How  are  lubricating  oils  classified? 


PREPARING  YOURSELF 

“Give  me  some  number  30  oil.”  What  does 
this  statement  mean?  What  is  the  difference 
between  number  20  and  number  30  oil? 

Lubricating  oils  are  graded  and  sold  accord¬ 
ing  to  their  viscosity.  The  viscosity  of  an  oil 
is  its  ability  to  flow.  Since  this  will  vary  with 
the  temperature,  it  is  necessary  to  test  and 
grade  all  oils  at  some  standard  temperature  so 
that  they  can  be  compared. 

There  are  different  kinds  of  apparatus  used 
to  do  this  work.  The  one  most  commonly  used 
is  the  Saybolt  viscosimeter.  For  testing  oils 


FOR  THE  EXPERIMENT 

with  this,  two  different  temperatures  are  used. 
The  lighter  oils  are  tested  at  130°  F.,  and  the 
heavier  ones  at  210°  F.  The  viscosity  is  then 
determined  by  the  number  of  seconds  required 
for  60  ml  of  oil  to  flow  through  the  small  open¬ 
ing  of  the  viscosimeter. 

Lubricating  oils  purchased  for  government 
use  must  meet  the  specifications  shown  in  the 
table.  “S.A.E.  rating”  refers  to  the  numbers 
given  to  lubricating  oils  by  the  Society  of 
Automotive  Engineers.  The  higher  the  num¬ 
ber,  the  more  viscous  is  the  oil. 


S.A.E.  RATING 

SAYBOLT  UNIVERSAL  VISCOSITY 

SECONDS  AT  130°  F. 

SECONDS  AT  210°  F. 

NOT  LESS  THAN 

NOT  MORE  THAN 

NOT  LESS  THAN 

NOT  MORE  THAN 

10 

90 

120 

20 

120 

185 

30 

185 

255 

40 

255 

80 

50 

80 

105 

60 

105 

125 

70 

125 

150 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  466-470 
Chemistry  at  Work.  p.  431 
Chemistry  for  Secondary  Schools,  pp.  275,  291 
Chemistry  in  Use.  pp.  185,  403 

1.  What  does  viscosity  mean? 


Dynamic  Chemistry,  pp.  607-608 
First  Book  in  Chemistry,  p.  526 
First  Principles  of  Chemistry,  pp.  662-666 
First  Year  of  Chemistry,  pp.  516-520 
Modern  Everyday  Chemistry,  pp.  205-207 
Modern-Life  Chemistry,  pp.  620-627 
New  World  of  Chemistry,  pp.  566-570 


Ability  to  flow.  (Represents  body  and  fluidity  of 


oil  in  this  case.  Body  keeps  metal  surfaces  apart.  Fluidity  refers  to  ease 


of  circulation. ) 
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2.  Which  is  more  viscous,  water  or  molasses?  . 

3.  Light  oils  have  lower  S.A.E.  numbers  than  heavy  oils.  Is  a  light  oil  less  viscous  than  a 

heavy  oil?  ^ee  Explain  •^ower  S.A.E.  rating  indicates  less  viscous  oil  and 
vice  versa. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Samples  of  three  different  oils  having  different  known  S.A.E.  ratings. 
apparatus  needed:  For  Part  a,  Saybolt  viscosimeter,  medicine  dropper,  60  ml  receiving  flask, 
ring  burner,  electric  heater.  For  Part  b,  graduate,  10  ml  pipette,  150  ml  beaker,  400  ml  beaker, 
wire  gauze,  ring  and  ringstand,  Bunsen  burner.  For  both  parts,  stop  watch,  Fahrenheit  ther¬ 
mometer  registering  to  at  least  212°. 


If  a  standard  viscosimeter  is  available,  you 
will  do  Part  a  and  determine  the  viscosity  of 
the  different  oils.  Then  you  will  compare  your 
results  with  the  government  requirements.  If 
you  do  not  have  a  viscosimeter,  you  will  do 
Part  b  and  compare  the  viscosities  of  different 
S.A.E.  ratings  and  record  them  in  the  table. 
a.  Official  viscosity.  In  determining  viscosity, 
you  must  be  careful  that  the  temperature  of 
your  oil  is  kept  constant  during  the  test.  This 
is  done  by  surrounding  the  oil  tube  with  a 
water  bath.  The  ring  burner  at  the  bottom  of 
the  viscosimeter  will  keep  the  water  at  the 
boiling  point  for  maintaining  your  210°  F. 
temperature  for  the  heavier  oils.  But  to  keep 
the  temperature  constant  at  130°  F.,  an  electric 
heater  should  be  used.  Check  the  temperature 
with  a  thermometer  to  see  that  it  remains 
constant. 

Fill  the  oil  tube  with  one  of  the  oils  to  be 
tested  and  keep  it  at  the  temperature  of  the 
water  for  at  least  five  minutes  so  that  the  oil 
will  reach  the  necessary  temperature.  If  there 


is  any  surplus  oil  in  the  overflow  cup,  remove 
it  with  a  medicine  dropper. 

Place  the  60  ml  receiving  flask  below  the 
viscosimeter  so  that  the  stream  of  oil  will 
strike  the  neck  of  the  flask  and  avoid  the  for¬ 
mation  of  foam.  Hold  your  stop  watch  in  one 
hand  and  put  your  other  hand  on  the  cork  at 
the  bottom  of  the  viscosimeter.  Snap  both  of 
them  at  the  same  time. 

As  soon  as  the  bottom  of  the  meniscus 
(curved  surface)  of  the  oil  reaches  the  gradu¬ 
ation  mark  on  the  receiving  flask,  stop  your 
watch.  Read  the  number  of  seconds  required 
and  record  the  time  in  the  table.  Repeat  this 
test  a  second  time  with  the  same  oil.  The  re¬ 
sults  should  check  within  a  second.  If  they  do 
not,  repeat  until  you  get  two  results  that  do 
check. 

Test  your  other  two  samples  of  oil  in  the 
same  way  and  record  all  the  results.  Then 
compare  them  with  the  Federal  specifications. 
Indicate  whether  the  oils  are  satisfactory  or 
unsatisfactory. 


BRAND  OF  OIL 

S.A.E. 

RATING 

TIME  IN  SECONDS 

FEDERAL 

SPECIFICATIONS 

Satisfactory  or 
Unsatisfactory? 

1st  TRIAL 

2nd  TRIAL 
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NAME 


DATE 


PERIOD 


RATING 


b.  Comparative  viscosity.  Place  about  20  ml 
of  oil  in  a  150  ml  beaker  and  put  this  beaker 
in  a  400  ml  beaker  containing  a  small  amount 
of  water.  Set  these  two  beakers  on  a  wire 
gauze  on  the  ring  of  a  ringstand.  Heat  with 
a  Bunsen  flame  until  the  temperature  of  the 
oil  reaches  130°  F. 

Fill  your  10  ml  pipette  to  the  graduation 
mark  with  this  oil.  Then  allow  the  oil  to  flow 
back  into  the  beaker,  keeping  accurate  count 
of  the  number  of  seconds  required  for  the 


pipette  to  empty  by  using  a  stop  watch.  Re¬ 
cord  the  time  in  the  table. 

Repeat  the  process  with  the  same  oil  and 
the  same  temperature  to  check  your  results.  If 
the  results  do  not  check  within  one  second,  re¬ 
peat  the  process  until  you  get  two  results  that 
do  check. 

Clean  your  150  ml  beaker  and  your  pipette. 
Then  repeat  the  process  with  the  other  two 
oils,  checking  your  results.  Record  all  of  the 
results  in  the  table. 


BRAND  OF  OIL 

S.A.E.  RATING 

TIME  IN 

SECONDS 

1st  TRIAL 

2ND  TRIAL 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  temperature  have  on  the  viscosity  of  oils?  . . ^e.C.re.a.se.® .. .^1®. . 

temperature  increases  and  vice  versa,  (increased  temperature  increases 

fluidity  and  decreases  body. ) 

2.  Why  is  the  viscosity  of  light  oils  measured  at  130°  F.  and  heavy  oils  at  210°  F.?  .kfght 

oils  viscous  enough  at  130°  F.  to  have  noticeable  differences,  but  viscosity 

of  heavy  oils  would  be  about  the  same.  At  210°  F.  heavy  oils  less  viscous. 

Differences  can  be  noticed.  (Viscosity  of  light  oils  would  be  so  low  that 

little  difference  could  be  noticed.  ) 


3.  What  relationship  exists  between  S.A.E.  rating  and  viscosity? 

creases,  viscosity  increases  (but  not  at  the  same  rate.  S.A.E.  20  is  not 

twice  as  viscous  as  S.A.E.  10.  ) 
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CONSUMER  APPLICATIONS 

1.  What  does  viscosity  tell  you  about  the  quality  of  an  oil?  . 

government  specifications,  quality  is  satisfactory  for  viscosity. 


2.  (a)  Under  what  weather  and  motor  conditions  should  S.A.E.  10  oil  be  used? 

peratures  near  0°  F.  when  motor  is  in  good  condition. 


b)  S  AE  40  oil?  Sh°u^  avoided  except  in  worn  motors  that  tend  to  use  oil. 
Less  oil  will  he  pumped.  For  high  temperatures. 


3.  How  does  the  viscosity  of  an  oil  affect  its  ability  to  prevent  metal-to-metal  contacts? 

Greater  viscosity  of  oil,  better  it  will  prevent  metal-to-metal  contacts  and 

thus  wear.  Heavy  oils  have  greater  viscosity. 
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RATING 


Experiment  46 


When  do  oils  stop  flowing? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“This  stuff  is  slower  than  molasses  in  Janu¬ 
ary.”  That  phrase  describes  the  action  of 
many  liquids,  including  lubricating  oils. 

In  order  for  an  oil  to  lubricate  efficiently,  it 
must  flow  freely.  Much  of  the  winter  starting 
trouble  that  automobile  drivers  have  is  caused 
by  oils  that  have  become  too  stiff.  When  an 
oil  stops  flowing,  it  tends  to  hinder  motion  of 
the  parts  rather  than  to  speed  it. 


The  lowest  temperature  at  which  an  oil  will 
flow  is  known  as  its  pour  point.  The  govern¬ 
ment  specifies  that  no  lubricating  oil  shall 
have  a  pour  point  over  40°  F.  However,  there 
are  many  places  where  this  temperature  is 
too  high.  Consequently,  special  regulations 
have  been  made  for  different  grades  of  oil. 
The  following  table  shows  the  maximum  pour 
points  for  different  S.A.E.  ratings. 


S.A.E.  rating 

10 

20 

30 

40 

50 

60 

70 

Maximum  pour  point  for  a  superior  oil 

0°  F. 

0°  F. 

0°  F. 

5°  F. 

10°  F. 

15°  F. 

15°  F. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  466-470 
Chemistry  at  Work.  p.  431 
Chemistry  for  Secondary  Schools,  pp.  275,  291 
Chemistry  in  Use.  pp.  185,  403 


Dynamic  Chemistry,  pp.  607-608 

First  Book  in  Chemistry,  p.  526 

First  Principles  of  Chemistry,  pp.  662-666 

First  Year  of  Chemistry,  pp.  516-520 

Modern  Everyday  Chemistry,  pp.  205-207 

Modern-Life  Chemistry,  pp.  620-627 

New  World  of  Chemistry,  pp.  364-365,  566-570 


„  TT  ,  A  ,  a  ,  ,  ,  •  mo  Viscosity  decreases  with  rise  in 

1.  How  does  temperature  affect  lubricating  oils:  . . . 

temperature  and  increases  with  fall  in  temperature.  Changes  in  temperature 


affect  ability  of  oil  to  flow. 

Will  be 

2.  State  the  effect  that  heavy  oil  will  have  on  starting  a  motor  in  cold  weather . . 

come  very  viscous,  thus  hindering  motion  and  making  motor  harder  to  start. 


3.  What  does  the  pour  point  of  an  oil  tell  you  about  its  usefulness  in  cold  weather? 

stops  flowing  at  pour  point  and  below.  If  temperature  goes  belcw  pour  point, 

oil  will  not  circulate.  Will  hinder  motion. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Three  different  S.A.E.  ratings  of  the  same  brand  of  oil.  Dry  ice  and  de¬ 
natured  alcohol,  or  salt  and  ice. 

apparatus  needed:  Test  tube  having  a  diameter  of  one  inch,  fitted  with  a  one-hole  rubber 
stopper.  Fahrenheit  thermometer  registering  below  zero.  (If  very  accurate  results  are  desired, 
use  an  official  “cold  test  thermometer.”)  400  ml  beaker.  Tongs  or  forceps. 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  pour  point  of  different  samples  of  oil. 
If  you  use  dry  ice,  be  very  careful  in  handling 
it.  Caution!  Do  not  touch  it  with  your  bare 
hands.  Use  tongs  or  forceps. 

Prepare  a  freezing  mixture  by  placing  some 
dry  ice  in  a  400  ml  beaker  and  covering  it  with 
denatured  alcohol  or  by  mixing  some  ice  with 
salt. 

Pour  about  an  inch  of  oil  in  your  test  tube. 
Insert  a  thermometer  in  a  rubber  stopper  that 
fits  the  tube.  The  bulb  of  the  thermometer 
should  be  in  the  center  of  the  oil  and  should 
not  touch  the  bottom  of  the  tube. 

Place  the  test  tube  in  the  freezing  mixture 
and  allow  it  to  remain  there  until  the  oil  gets 
so  cold  that  it  just  barely  flows.  The  oil  will 
harden  on  the  outside  of  the  tube  first  and 


gradually  harden  in  the  center.  Turn  the  test 
tube  upside  down.  Then  if  the  oil  next  to  the 
thermometer  just  barely  flows  when  the  test 
tube  is  held  upside  down  for  a  few  seconds, 
take  the  temperature  reading.  This  is  the  pour 
point.  Record  the  reading  on  the  table.  Allow 
the  oil  in  the  test  tube  to  melt  and  repeat  the 
test  to  check  your  results. -Record  this  second 
reading  in  the  table. 

Repeat  the  process  with  each  of  your  other 
two  samples  of  oil.  Compare  the  results  that 
you  have  obtained  with  those  given  in  the  table 
at  the  beginning  of  the  experiment  and  deter¬ 
mine  whether  or  not  the  oils  meet  the  specifi¬ 
cations. 

Indicate  in  the  last  column  of  the  table 
whether  or  not  the  oils  you  tested  were  satis¬ 
factory  or  unsatisfactory. 


BRAND  OF  OIL 

S.A.E.  RATING 

POUR  POINT 

Satisfactory  or 
Unsatisfactory? 

1st  TRIAL 

1 

2nd  trial 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  Which  grades  of  oils  have  the  lower  pour  points? 

b)  Which  ones  have  the  higher  pour  points?  High  S.A.E.  ratings  (heavier) . 

Y@  0 

2.  Does  the  pour  test  help  determine  the  quality  of  a  lubricating  oil?  .  Explain . 

Shows  temperature  at  which  oil  stops  lubricating  and  hinders  motion. 
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CONSUMER  APPLICATIONS 

1.  What  is  the  importance  of  the  pour  point  to  the  user? 
points  are  he  low  coldest  temperatures  common  in  community.  Failure  of  oil  to 

flow  and  lubricate  will  cause  wear  on  moving  parts .  Also  will  make  car  hard 
to  start  in  cold  weather. 


2.  What  pour  point  should  an  oil  have  for  driving  at  temperatures  of  zero  and  below? 

Lower  than  lowest  temperature 

3.  If  you  were  not  sure  what  grade  of  oil  to  use  in  your  car  in  cold  weather,  which  would 

be  safer,  a  light  oil  or  a  heavy  oil? . £?££ .  Why? 

Have  lower  pour  points  than  heavier  oils .  Would  begin  to  flow  when  motor 
starts,  lubricating  moving  parts  and  preventing  excessive  wear. 


4.  A  motorist  left  his  car  outdoors  overnight.  During  the  night  the  temperature  went  below 
zero.  In  the  morning  when  he  stepped  on  the  starter,  nothing  happened.  He  checked  the  bat¬ 
tery  and  found  that  it  was  fully  charged,  (a)  Why  did  the  starter  fail  to  turn  the  motor  over? 

Oil  too  heavy.  Became  very  stiff  or  even  solidified  between  surfaces  of 
moving  parts,  thus  preventing  motion. 


b)  The  car  was  towed  into  a  heated  garage.  After  it  had  stood  there  for  a  time,  a  mechanic 

As  car 

stepped  on  the  starter  and  the  motor  started  at  once.  Explain  how  this  could  happen . 

wanned  up,  oil  became  liquid  again.  Motor  started  easily. 


c)  What  could  the  motorist  do  to  prevent  the  same  thing  from  happening  the  next  cold  night 
that  he  let  his  car  stand  outdoors?  Change  to  lighter  oil  with  lower  pour  point. . . 
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5.  (a)  What  effect  does  wax  have  on  the  pour  point  of  oil?  ^ .0. .  ^ 

with  wax  present. 


b )  If  you  wished  to  remove  wax  from  a  lubricating  oil,  what  method  could  be  used? . 

Chill  oil,  wax  will  harden,  remove  by  filtering  through  metal  cloth  or  screen. 


6.  A  motorist  is  driving  a  car  at  temperatures  of  30°  F.  to  40°  F.  below  zero.  He  cannot  find 

an  oil  that  will  flow  at  these  temperatures.  What  should  he  do  to  get  his  car  started?  . 

car  in  heated  garage  to  prevent  oil  from  solidifying  below  pour  point.  Or 

heat  car  before  starting  to  liquefy  solidified  oil. 
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Experiment  47 


When  do  oils 

PREPARING  YOURSELF 

“Better  put  in  a  quart  of  oil!”  Have  you 
ever  heard  anybody  say  that  at  a  filling  sta¬ 
tion?  There  are  many  jokes  about  oil-burning 
cars,  but  to  an  automobile  owner  they  are  not 
a  joke. 

Why  do  so  many  cars  use  oil?  There  is  no 
single  answer  to  this  question.  Loose  piston 
rings  and  leaky  gaskets  are  mostly  to  blame. 
However,  some  oils  will  break  down  when  the 
motor  gets  too  hot  because  they  contain  some 
of  the  lighter  hydrocarbons  that  catch  fire 
easily.  Kerosene  is  an  example  of  a  hydrocar¬ 
bon  that  will  do  this. 

As  you  have  learned,  lubricating  oils  are 
classified  according  to  their  viscosity.  The 
higher  the  S.A.E.  number,  the  more  viscous 


break  down? 

FOR  THE  EXPERIMENT 

is  the  oil.  Wax-free  or  winter  oils  are  further 
identified  with  a  capital  W.  Some  oils  have  a 
paraffin  base,  while  others  have  an  asphalt 
base,  depending  on  the  crude  oil  from  which 
they  were  manufactured.  Generally  speaking, 
the  paraffin-base  oils  will  withstand  higher 
temperatures  before  breaking  down. 

Every  oil  has  a  flash  point.  This  is  the  low¬ 
est  temperature  at  which  an  oil  will  give  a 
spark  and  indicates  the  temperature  at  which 
it  will  start  to  break  down. 

The  following  table  shows  the  government 
specifications  as  to  the  flash  point  of  motor 
oils.  (The  phrase  “For  passing”  means  that 
the  oil  is  satisfactory.  “For  credit”  means  a 
superior  oil.) 


S.A.E. 

RATING 

MINIMUM  FLASH  POINT 

S.A.E. 

RATING 

MINIMUM  FLASH  POINT 

FOR  PASSING 

FOR  CREDIT 

FOR  PASSING 

FOR  CREDIT 

20 

CO 

o 

0 

O 

O 

o 

50 

395°  F. 

445°  F. 

30 

350°  F. 

410°  F. 

60 

425°  F. 

475°  F. 

40 

370°  F. 

425°  F. 

70 

460°  F. 

510°  F. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  466-470 
Chemistry  at  Work.  p.  431 
Chemistry  for  Secondary  Schools,  pp.  275,  291 
Chemistry  in  Use.  pp.  185,  403 


Dynamic  Chemistry,  pp.  607-608 
First  Book  in  Chemistry,  p.  526 
First  Principles  of  Chemistry,  pp.  662-666 
First  Year  of  Chemistry,  pp.  516-520 
Modern  Everyday  Chemistry,  p.  207 
Modern-Life  Chemistry,  pp.  620-627 
New  Practical  Chemistry,  pp.  428-430 


1.  What  does  kindling  temperature  mean?  .^est  temperature  at  whi^ 
will  catch  fire  and  burn. 


2.  How  does  a  motor  oil  lubricate  two  metal  surfaces? 

keeps  metal  surfaces  from  actually  touching  each  other . 
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3.  What  type  of  chemical  compound  does  motor  oil  contain? 


4.  What  compounds  are  formed  when  motor  oil  breaks  down  under  heat?  -kjghtgr . 

hydrocarbons  and  free  carbon 

EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  i  Three  different  brands  of  oil  of  the  same  S.A.E.  rating. 
apparatus  needed  :  3-inch  evaporating  dish.  Bunsen  burner.  Graduate.  Glass  tubing.  Rubber 
tubing.  Screw  pinch-clamp.  Burette  clamp.  Cork  or  rubber  stopper.  Ring  and  ringstand. 
Two  asbestos  mats.  Fahrenheit  thermometer  reading  to  650°.  (If  very  accurate  results  are 
desired,  use  an  official  open-cup  flash-point  apparatus  instead  of  the  evaporating  dishes.) 

tom  of  the  evaporating  dish,  but  so  that  the 
bulb  will  be  covered  with  the  oil. 

Draw  a  piece  of  glass  tubing,  about  4  inches 
long,  to  a  point.  Attach  this  glass  tubing  to  a 
piece  of  rubber  tubing  equipped  with  a  screw 
pinch-clamp.  Connect  the  rubber  tubing  to  the 
gas  outlet  and  light  the  gas  at  the  glass  tip. 
Use  the  pinch-clamp  to  adjust  the  size  of  the 
flame  at  the  tip  of  the  glass  so  that  you  will 
have  a  small  bead  flame. 

Heat  the  evaporating  dish  with  your  Bunsen 
burner  and  regulate  the  burner  so  that  the 
rise  in  temperature  of  the  oil  is  between  5° 
and  9°  F.  per  minute  after  the  oil  begins  to 
give  off  vapors.  Pass  your  bead  flame  over  the 
top  of  the  oil  dish  every  minute,  or  for  each  5° 
change  in  temperature. 

When  the  first  flash  appears  across  the  evap¬ 
orating  dish,  record  this  temperature  in  your 
table  as  the  flash  point.  Continue  to  heat  until 
the  oil  in  the  dish  catches  fire  and  burns.  Re¬ 
move  the  thermometer  quickly,  recording  the 
reading  as  the  fire  point.  Extinguish  the  fire 
in  the  evaporating  dish  by  placing  an  asbestos 
mat  over  it. 

Repeat  this  process  with  each  of  your  other 
two  samples,  recording  both  flash  point  and 
fire  point  in  your  table. 


BRAND  OF  OIL 

S.A.E.  RATING 

FLASH  POINT 

FIRE  POINT 

In  this  experiment  you  are  going  to  find  the 
temperature  at  which  the  different  samples  of 
oil  will  flash  and  then  catch  fire.  The  one  that 
does  this  at  the  lowest  temperature  will  natu¬ 
rally  break  down  first  in  a  motor.  You  are 
really  determining  the  kindling  temperature 
of  different  lubricating  oils. 


Measure  out  20  ml  of  an  oil  sample  into  an 
evaporating  dish  and  place  this  dish  on  an 
asbestos  mat  on  a  ring  of  your  ringstand.  Pass 
your  thermometer  through  a  cork  or  rubber 
stopper  and  fasten  the  stopper  in  your  burette 
clamp.  Adjust  the  clamp  on  the  ringstand  so 
that  the  thermometer  will  not  touch  the  bot- 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  Name  the  samples  that  meet  government  specifications.  ..P11. 

samples . ) 


b)  Name  the  samples  that  do  not. 


2.  Which  oil  would  you  choose  for  your  own  car?  .  Give  your 

(For  summer  use,  oil  that  flashes  above  "for  credit"  temperature  of 

government  specifications  would  be  most  satisfactory.  For  winter  use,  pour 

point  must  also  be  considered.  ) 


3.  How  do  you  account  for  the  different  flash  points  for  different  brands  with  the  same 
SAE  rating?  ^i^-s  are  mixtures  of  hydrocarbons.  Lighter  hydrocarbons  will 

vaporize  and  flash  at  lower  temperatures  than  heavier  hydrocarbons .  Amount  of 

lighter  and  heavier  hydrocarbons  will  determine  flash  point  of  each  oil. 


CONSUMER  APPLICATIONS 

1.  Would  you  recommend  thinning  a  heavy  motor  oil  with  kerosene?  .  Why? 

hydrocarbon.  Bums  easily.  Likely  to  leave  free  carbon.  Will  greatly  de¬ 
crease  viscosity  and  thus  protection  to  metal  parts . 


2.  Under  what  conditions  will  a  motor  become  so  hot  that  even  a  good  oil  will  break  down? 

At  great  speeds.  When  cooling  system  fails  because  of  lack  of*  water,,  broken 

hose  connection,  faulty  .^ter  pump,  etc. . 
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3.  Under  what  driving  conditions  should  a  light  grade  of  oil  be  used? 
in  ccld  weather  in  cars  whose  motors  are  in  good,  c ond i t i on .  Low  driving 
speeds . 


4.  (a)  If  a  car  uses  oil,  is  it  the  fault  of  the  car  or  of  the  oil?  ^ar! . 

b)  How  can  you  prove  your  answer  is  right?  . 

car  uses  oil  of  any  brand,  oil  is  not  at  fault. 
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Experiment  48 


Why  do  some  oils  cause  rusting  or  corrosion? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“It  shouldn’t  have  rusted.  It  was  covered 
with  oil!”  Ordinarily  we  think  of  an  oil  or 
grease  as  being  able  to  prevent  rusting.  This 
is  true  unless  the  oil  contains  moisture  and 
acids.  Even  then  the  amount  of  rusting  or 
corrosion  will  be  small  unless  the  temperature 
is  high.  High  enough  temperatures  are  some¬ 
times  reached  in  automobile  engines  and  other 
high-speed  machinery. 

When  lubricating  oils  contain  moisture  and 
acids,  the  hot  metal  surfaces  they  touch  may 
corrode.  High  temperatures  may  also  cause 
some  oils  to  emulsify  and  lose  their  lubricat¬ 
ing  value.  In  doing  so  a  sludge  is  formed, 
which  interferes  with  lubrication. 

If  excessive  amounts  of  acids  and  moisture 
are  present,  the  oils  and  greases  probably 
have  not  been  properly  refined.  In  some  refin¬ 
ing  processes  many  undesirable  compounds, 
such  as  the  gums  and  resins,  are  removed 
from  the  crude  oil  by  washing  in  sulfuric  acid. 
The  acid  is  then  removed  by  neutralizing  it 
with  some  chemical,  such  as  sodium  hydrox¬ 
ide.  The  water  is  removed  by  blowing  air 
through  the  oil.  If  the  neutralization  is  not 
complete  or  if  the  water  has  not  been  re¬ 


moved,  the  acid  and  moisture  will  remain  in 
the  oil  and  cause  trouble  for  the  user.  A  good 
lubricant  should  show  no  appreciable  amount 
of  either  acid  or  moisture. 

To  determine  whether  or  not  acids  and 
moisture  are  present  in  large  enough  amounts 
to  cause  corrosion,  the  Federal  Government 
recommends  that  the  action  of  the  oil  be  tried 
on  polished  copper. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  466-470 

Chemistry  and  You.  pp.  207-208 

Chemistry  at  Work.  p.  431 

Chemistry  for  Secondary  Schools,  pp.  275,  291 

Chemistry  in  Use.  pp.  185,  403 

Dynamic  Chemistry,  pp.  190-191 

First  Book  in  Chemistry,  p.  526 

First  Principles  of  Chemistry,  pp.  662-666 

First  Year  of  Chemistry,  pp.  516-520 

Modern  Chemistry,  pp.  399-400 

Modern  Everyday  Chemistry,  pp.  206,  423 

Modern-Life  Chemistry,  pp.  563,  565,  566 

New  Practical  Chemistry,  pp.  150-151 

New  World  of  Chemistry,  pp.  226-228 


1.  Show  by  an  equation  how  sulfuric  acid  in  an  oil  will  corrode  an  engine  block  made  of 
iron. 

Fe  +  HgSQj.  — y  FeSfy  + 

2.  Write  a  chemical  equation  showing  the  reaction  between  sodium  hydroxide  and  sul¬ 
furic  acid. 

2NaOH  f  HgSO^  — >  Na2S04  +  2H2° 

3.  Which  oil  should  contain  more  moisture,  one  that  has  been  recently  refined  or  one  that 

.  ,  ,  ..  .  ,,  ,  9  Recently  refined  (usually) 

has  been  used  for  some  time  in  the  motor:  . . . 

....  „  Heat  of  combustion  will  evaporate  moisture  in  oil  used  for  some  time. 
Why? 

(Faulty  motor  might  increase  moisture  content.  ) 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Three  different  brands  of  oil.  Three  strips  of  polished  copper.  Acetone. 
apparatus  needed:  250  ml  beaker.  Three  6-inch  test  tubes.  Ring  and  ringstand.  Wire  gauze. 
Bunsen  burner. 


In  this  experiment  you  are  going  to  find 
out  if  there  are  enough  acids  and  water  present 
in  the  different  oils  to  cause  corrosion  of  a 
motor. 

Place  a  strip  of  polished  copper  in  each  of 
three  different  test  tubes  and  cover  the  copper 
with  the  different  brands  of  oil.  Put  a  slip  of 
paper  with  the  name  of  the  oil  in  each  test 
tube  so  that  you  can  tell  them  apart.  Set 
the  test  tubes  in  a  250  ml  beaker  nearly  full 
of  water  and  arrange  the  beaker  on  a  wire 
gauze  on  a  ring  of  your  ringstand  so  that  it 
can  be  heated  with  the  Bunsen  burner.  Heat 


the  water  to  the  boiling  point  and  keep  the 
water  boiling  for  three  hours.  If  the  water 
boils  away,  add  more  water.  The  heating  does 
not  have  to  be  continuous.  While  the  water  is 
boiling,  go  ahead  with  your  next  experiment. 

Continue  the  heating  at  your  next  labora¬ 
tory  period  until  three  hours  of  heating  time 
have  gone  by.  Thep  remove  the  copper  strips 
from  the  oil  and  rinse  them  with  acetone. 
Compare  each  of  the  strips  with  freshly  pol¬ 
ished  copper.  Any  discoloration  or  pitting  of 
the  copper  indicates  corrosion.  Record  your 
results  in  the  table. 


BRAND  OF  OIL 

ARE  THERE  ANY  SIGNS  OF  CORROSION? 

ARE  ACIDS  OR  MOISTURE  PRESENT? 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Acetone  is  a  good  solvent.  Why  was  the  copper  rinsed  with  acetone? 

oil  from  copper  strips  so  that  they  could  be  compared. 


2.  Oil  can  be  cleaned  from  the  copper  strips  with  strong  acids.  Why  should  you  not  use 

sulfuric  acid,  which  is  cheaper  than  acetone?  Sulfuric  acid,  if  concentrated  enough . 

to  decompose  oil,  will  also  react  with  copper. 


3.  Give  a  reason  for  keeping  the  copper  in  hot  oil  for  at  least  three  hours. 

takes  place  more  readily  at  boiling  point  of  water  as  in  automobile  engine. 
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4.  What  effect  will  an  oil  containing  acids  and  moisture  have  on  an  automobile  engine? 

Will  cause  corrosion  and  rusting  of  bearings  and  other  metal  surfaces,  thus 

increasing  wear  in  engine. 


5.  If  an  oil  contains  acids  that  react  with  copper,  how  will  the  acids  react  with  such  metals 
as  iron  and  aluminum?  Much  mcre  readil7  (aluminum  and  iron  above  copper  in  re¬ 
placement  series). 


6.  How  do  acids  and  moisture  get  into  lubricating  oils?  ?Ur .^n^. . ™  ^  ??®. . .?roC0 8 8 _* ” 

furic  acid  used  to  remove  gums  and  resins.  Then  neutralized  with  sodium  hy¬ 
droxide.  Excess  acid  and  water  from  neutralization  left  in  oil. 

CONSUMER  APPLICATIONS 

1.  Is  it  more  important  to  know  the  moisture  and  acid  content  of  an  oil  than  to  know  that 

some  famous  person  used  it  in  climbing  Pike’s  Peak?  Why? 

is  no  indication  whether  oil  contained  moisture  and  acids,  nor  do  you  know 

condition  of  motor  after  using  that  oil. 


2.  Does  the  price  of  an  oil  indicate  that  it  is  free  from  acids  and  moisture?  . 

3.  What  methods  can  you  use  to  be  sure  that  the  oil  you  buy  is  free  from  excessive  amounts 

„  _  _  .  .  Ask  dealer  acid  and  moisture  content  of  oil.  Make  tests 

of  acids  and  moisture'  . : . 

on  oil  samples. 
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4.  Read  some  advertisements  for  lubricating  oil. 

.  ,  .  (Answers  will  vary 

moisture  contents  are  given.  . r. 

usually  not  given. ) 


List  the  brands  for  which  the  acid  and 

Acid  and  moisture  contents 


List  the  brands  for  which  the  acid  and  moisture  contents  are  not  given. 


. L . 

5.  Farmers  often  use  grease  to  cover  plowshares  when  they  are  not  in  use.  Will  acids  in 

the  grease  corrode  the  metal  in  the  plowshares?  . 

Explain  Even  acid  is  present,  temperatures  of  use  are  so  low,  little  or  no 

corrosion  takes  place. 
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Experiment  49 

How  much  acid  do  lubricating  oils  contain? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


There  are  two  types  of  acids  that  may  be 
present  in  lubricating  oils,  both  of  which  will 
cause  corrosion.  One  type  consists  of  the  min¬ 
eral  acids,  such  as  sulfuric  acid,  which  have 
not  been  removed  in  the  refining  process.  The 
other  type  consists  of  organic  acids,  which 
are  found  only  in  compounded  oils.  A  com¬ 
pounded  oil  is  a  mixture  of  a  petroleum  oil 
with  an  animal  or  vegetable  oil.  All  animal 
and  vegetable  oils  contain  organic  acids,  the 
principal  one  being  oleic  acid. 

To  show  just  how  much  acid  is  present,  an 
oil  is  neutralized  with  potassium  hydroxide 
and  then  given  a  neutralization  number.  The 
neutralization  number  is  the  weight  in  milli¬ 
grams  of  potassium  hydroxide  needed  to  neu¬ 
tralize  the  acids  in  one  gram  of  oil. 

Since  it  is  practically  impossible  to  remove 
all  of  the  acids,  definite  limits  have  been  estab¬ 
lished.  A  superior  oil  has  a  neutralization 
number  of  .10  or  less.  However,  an  oil  can 


still  be  considered  passing  if  its  neutralization 
number  is  .30  or  under.  Any  oil  with  a  num¬ 
ber  over  .30  is  not  suitable  as  a  lubricant. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  380,  466-470, 

576-582 

Chemistry  and  You.  pp.  291-293,  692 

Chemistry  at  Work.  p.  431 

Chemistry  for  Secondary  Schools,  pp.  275,  291 

Chemistry  in  Use.  pp.  185,  380,  403 

Dynamic  Chemistry,  pp.  464-465 

First  Book  in  Chemistry,  p.  526 

First  Principles  of  Chemistry,  pp.  596,  662-666 

First  Year  of  Chemistry,  pp.  240-241,  516-520 

Modern  Chemistry,  pp.  699-701 

Modern  Everyday  Chemistry,  p.  423 

Modern-Life  Chemistry,  pp.  563-566 

New  Practical  Chemistry,  pp.  210,  537 

New  World  of  Chemistry,  pp.  334,  464-466 


1.  What  effect  does  potassium  hydroxide  have  on  petroleum  oils?  (Read  over  Experiment 

32  if  you  do  not  remember.)  I)0es..110^.6,a?0Illf?. .^ral 
oils . 


2.  Tell  how  potassium,  hydroxide  affects  organic  oils,  such  as  palm  oil  or  olive  oil. 

with  them  to  form  liquid  soaps. 


3.  What  is  meant  by  neutralization  number?  Weight  in  milligrams  of  potassium  hy- 
dr oxide  needed  to  neutralize  acids  in  one  gram  of  oil. 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Three  different  brands  of  lubricating  oil.  .1  normal  solution  of  potassium 
hydroxide.  Denatured  alcohol.  Distilled  water.  Phenolphthalein. 

apparatus  needed:  Triple-beam  balance.  Graduate.  Burette.  Burette  clamp.  Ring  and  ring- 
stand.  Wire  gauze.  250  ml  beaker.  Glass  stirring  rod.  Bunsen  burner. 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  neutralization  number  of  different 
samples  of  lubricating  oils.  Carefully  weigh  a 
beaker  on  a  triple-beam  balance.  Then  set 
your  balance  for  20  additional  grams  and  add 
one  of  your  lubricating  oils  to  the  beaker  so 
that  you  have  exactly  20  grams  of  oil  in  the 
beaker. 

Then  add  a  mixture  of  50  ml  of  denatured 
alcohol  and  50  ml  of  distilled  water  to  the  oil. 
The  mixture  will  dissolve  any  acid  in  the  oil. 
Stir  the  contents  of  the  beaker  thoroughly  with 
a  glass  rod  so  that  all  of  the  acid  will  be  dis¬ 
solved.  Then  set  the  beaker  on  a  wire  gauze1 
on  the  ring  of  a  ringstand  over  a  Bunsen  flame 
and  heat  the  mixture  to  the  boiling  point. 

While  the  mixture  is  heating,  fill  your  bu¬ 
rette  with  .1  normal  solution  of  potassium 
hydroxide.  Take  the  reading  on  your  burette 
and  record  it  on  a  piece  of  paper. 

Now  add  1  ml  of  phenolphthalein  to  the  hot 
solution.  Set  the  beaker  under  the  burette 
and  add  potassium  hydroxide,  .1  ml  at  a  time, 
stirring  continuously  until  the  first  permanent 
tinge  of  faint  violet  appears.  This  is  the  neu¬ 
tralization  point.  (The  neutralization  point 


can  be  more  easily  detected  if  the  beaker  is 
placed  on  a  piece  of  white  paper. )  Read  your 
burette  again  and  determine  the  amount  of 
potassium  hydroxide  used  to  neutralize  the 
acid  by  subtracting  your  final  reading  from 
your  first  reading.  Record  your  results  in  the 
table.  Repeat  the  test  to  check  your  results. 

Now  calculate  the  neutralization  number  of 
the  oil  by  using  this  formula: 

Neutralization  number  = 

Ml  of  potassium  hydroxide  x  5.6 

20 

(In  the  formula,  5.6  is  the  number  of  milli¬ 
grams  in  1  ml  of  .1  normal  solution  of  potas¬ 
sium  hydroxide,  and  20  is  the  number  of  grams 
of  oil  used. )  Record  the  neutralization  number 
in  the  table. 

Determine  the  neutralization  number  of 
each  of  your  other  oil  samples  in  the  same 
manner,  recording  the  amount  of  potassium 
hydroxide  used  in  each  case.  Calculate  and 
record  your  neutralization  numbers.  Then  de¬ 
termine  whether  each  of  the  oils  is  superior, 
passing,  or  unsatisfactory.  Record  this  in  the 
table. 


BRAND  OF  OIL 

ML  OF  POTASSIUM  HYDROXIDE 

NEUTRALIZATION 

NUMBER 

Swperior,  Passing, 
or  Unsatisfactory? 

1st  TRIAL 

2nd  TRIAL 

CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  If  you  add  too  much  potassium  hydroxide  to  your  oil,  will  your  neutralization  number 

be  too  high  or  too  low?  .  To°  hi«h  .  Explain  Buretto  readlr«  . 1,111  to°  hl«h- . 


So  neutralization  number  will  also  be  too  high. 
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2.  Why  is  it  necessary  to  know  the  weight  of  potassium  hydroxide  in  1  ml  of  .1  normal  solu- 


tion  of  potassium  hydroxide?  So  you  can  calculate  weight  of  potassium  hydroxide 


needed  to  neutralize  one  gram  of  oil. 


3.  If  10  grams  of  oil  require  3  milligrams  of  potassium  hydroxide  to  neutralize  it,  what  is 
the  neutralization  number  of  the  oil?  . .  Show  your  calculations.  . 


CONSUMER  APPLICATIONS 

1.  Why  is  a  knowledge  of  the  neutralization  number  of  an  oil  a  good  guide  to  its  value  as 
a  lubricant?  Neutralization  number  will  indicate  corrosive  effect  of  oil. 


d0Cl*@8lS8 

2.  What  effect  will  high  acidity  have  on  the  value  of  an  oil  as  a  lubricant?  . 

value  as  lubricant  "by  corroding  hearings  and  metal  surfaces,  thus  increasing 

wear. 

3.  If  an  oil  contains  a  large  amount  of  acid,  would  it  be  safer  to  use  it  on  low-speed  ma- 

.  .  ,  .  ,  J  1  .  9  Low-speed  ww?  Corrosion  takes  place 

chmery  or  high-speed  machinery?  . . .  Why:  . . . 

more  rapidly  at  high  temperatures . 


4.  Reclaimed  oil  is  oil  that  has  been  drained  out  of  automobile  crankcases  and  then  filtered 
or  centrifuged  to  remove  sludge.  Would  its  acid  content  make  this  oil  satisfactory  or  unsatis- 

factory  for  lubrication?  ...  Satiafactory .  .  Give  your  reasons.  a?^.... 

acids  present  in  original  oil  have  been  mostly  removed  in  previous 

new  moisture  or  acids  have  been  added  in  centrifuging. 
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5.  How  can  you  guard  against  buying  lubricants  with  a  high  acid  content?  . 

grade  oils.  Test  them  occasionally.  (Best  grade  oils  are  not  always  those 

selling  at  highest  prices.) 
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UNIT 

11 


Antifreezes 


Do  you  know  of  anyone  who  had  an  antifreeze  solution  in  his  car  radiator  that  froze 
during  cold  weather?  Most  of  us  are  either  directly  or  indirectly  affected  during  the 
colder  months  of  the  year  by  the  proper  use  of  antifreezes. 

In  the  past  few  years  all  kinds  of  materials  have  been  prepared  and  sold  to  keep  the 
water  in  automobile  radiators  from  freezing.  The  list  has  become  quite  large,  including 
everything  from  salt  solutions  and  kerosene  to  glycerine,  wood  alcohol,  and  honey.  Strange 
to  say,  all  of  them  will  work,  that  is,  if  the  motorist  does  not  care  what  happens  to  his  auto¬ 
mobile.  Many  of  these  solutions  are  not  very  kind  to  the  motor  or  radiator.  Some  are 
very  corrosive  to  the  metal  parts  of  the  engine.  Others  have  a  tendency  to  decompose  the 
rubber  hosing  and  gaskets.  The  fumes  of  some  are  poisonous  or  will  remove  the  finish 
from  the  car. 

If  you  drive  a  car,  you  are  interested  in  getting  an  antifreeze  that  will  not  only  keep  the 
radiator  solution  from  freezing  but  also  will  not  hurt  other  parts  of  the  car.  Probably  you 
will  want  something  that  is  “easy”  on  the  pocketbook,  too.  Which  antifreeze  should  you 
use?  Let  us  make  our  selection  scientifically.  Remember  that  the  lowest-priced  product 
may  prove  to  be  the  most  expensive  or  that  the  highest-priced  one  may  not  be  worth  the 
extra  money  it  costs. 

No  perfect  antifreeze  has  yet  been  discovered  or  manufactured.  The  purpose  of  this  unit 
is  to  show  you  the  desirable  as  well  as  the  undesirable  properties  of  antifreeze  solutions. 
The  experiments  will  teach  you  what  chemical  compounds  are  present  in  antifreeze  solu¬ 
tions  as  well  as  their  desirability  as  antifreezes. 


211 


MAKING  A  FREEZING  DEVICE  AND  A  CONDUCTIVITY  APPARATUS 


In  Experiment  50  you  will  need  a  freezing 
device.  A  satisfactory  one  can  be  made  for  the 
entire  class  by  using  a  metal  box  with  dry  ice 
and  denatured  alcohol  in  it. 

Cover  the  box  with  a  sheet  of  cardboard 
through  which  holes  have  been  punched  to 
support  the  test  tubes.  Put  the  test  tubes 


through  the  holes  into  the  solution.  Freezing 
will  then  take  place  quickly. 

If  no  such  device  is  available,  freeze  your 
solutions  in  the  test  tubes  by  setting  them  in 
a  beaker  with  salt  and  chipped  ice  packed 
around  them.  This  arrangement  will  take 
longer  to  freeze  the  solutions,  however. 


FIGURE  l 


To  do  Experiment  52,  you  will  need  a  con¬ 
ductivity  apparatus.  Several  types  can  be 
bought,  but  a  better  one  can  be  made.  See 
Figure  2.  Two  bulbs  are  connected  in  parallel 
to  form  two  circuits.  Each  circuit  has  a  push¬ 
button  switch  (seen  under  the  10-watt  bulb 
but  hidden  by  the  100-watt  bulb)  to  close  the 
circuit  after  the  two  heavy,  rubber-covered 
brass  or  copper  leads  are  put  in  the  solution. 
One  of  these  leads  is  connected  directly  to  one 


prong  of  the  electric  outlet  plug.  The  other  is 
in  series  with  the  two  bulb  circuits  and  the 
other  prong  of  the  outlet  plug. 

The  two  circuits  have  different  sensitivities. 
The  100-watt  bulb  .will  light  in  a  solution  of 
a  good  conductor  of  electricity  but  not  in  a 
solution  of  a  poor  one.  The  10-watt  bulb  will 
light  well  in  both.  In  this  way  you  can  easily 
tell  which  solutions  are  good  conductors  and 
which  ones  are  poor  conductors. 
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SUGGESTIONS  FOR  TEACHING  UNIT  11 


The  theory  of  solutions  is  fundamental  in  chem¬ 
istry.  This  unit  shows  the  behavior  of  both  elec¬ 
trolytes  and  non-electrolytes.  It  also  provides  the 
practical  application  of  selecting  an  antifreeze  or 
learning  what  characteristics  are  important  in 
antifreezes. 

OBJECTIVES  OF  THE  UNIT 

1.  To  determine  the  effect  of  solid  and  liquid 
solutes  on  the  freezing  point  of  water  (Exp.  50). 

2.  To  study  the  ability  of  solutions  to  “leak 
out”  of  small  holes  (Exp.  51) . 

3.  To  find  out  what  kind  of  solutions  corrode 
metals  (Exp.  52) . 

4.  To  determine  the  effect  of  solid  and  liquid 
solutes  on  the  boiling  point  of  water  (Exp.  53) . 

5.  To  test  the  composition  of  antifreezes  (Exp. 
54). 

6.  To  determine  the  characteristics  of  a  desir¬ 
able  antifreeze  (Exp.  50,  51,  52,  53,  54) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  theory  of  ionization  (Exp.  50,  52,  53) . 

2.  How  to  determine  the  molecular  weight  of 
a  substance  (Exp.  53) . 

3.  The  effect  of  solutes  on  the  freezing  point  of 
water  (Exp.  50) . 

4.  Effect  of  solutes  on  the  boiling  point  of  water 
(Exp.  53) . 

5.  Capillarity  (Exp.  51). 

6.  The  reason  for  the  corrosion  of  metals  (Exp. 
52). 

7.  Chemical  tests  for  methyl  alcohol,  ethyl  alco¬ 
hol,  isopropyl  alcohol,  ethylene  glycol,  and  gly¬ 
cerine  (Exp.  54) . 

8.  How  a  simple  cell  produces  electricity  (Exp. 
52). 

HINTS  TO  THE  TEACHER 

The  four  brands  of  antifreeze  to  be  tested  in  this 
experiment  should  represent  each  class  of  anti¬ 
freeze.  The  following  classes  should  be  included: 
Methyl  alcohol  (wood  alcohol).  Sold  under 
many  trade  names.  Read  the  label. 

Denatured  alcohol  (ethyl  alcohol) .  Sold  unc^er 
many  trade  names.  Read  the  label. 

Ethylene  glycol  (advertised  as  not  boiling 
away) . 

Isopropyl  alcohol  or  glycerine  and  isopropyl 
alcohol  mixture.  Read  the  label. 

Experiment  50.  The  students  will  save  time  if 
they  follow  this  procedure. 

1.  Prepare  and  label  all  the  solutions  to  be 
tested. 


2.  Place  the  prepared  solution  in  the  freezing 
mixture  and  let  them  remain  until  frozen. 

3.  Test  for  the  freezing  point  as  explained  in 
the  experiment. 

You  will  find  it  advisable  to  demonstrate  how 
to  determine  the  freezing  point  of  a  solution.  It 
is  also  suggested  that  each  group  of  students  test 
only  one  of  the  solids  listed  in  Part  b.  This  will 
save  time  and  show  the  effect  of  a  solid  on  the 
freezing  point  of  a  solution.  The  results  and  data 
can  then  be  exchanged  and  compared  between 
groups. 

If  possible,  use  dry  ice  and  alcohol  for  your 
freezing  solution.  A  pneumatic  trough  can  be 
used  to  hold  the  freezing  solution.  To  support  the 
test  tubes,  punch  holes  in  a  piece  of  cardboard  and 
place  it  over  the  container.  (See  the  laboratory 
help  on  page  212.) 

Experiment  51.  Demonstrate  how  to  make  the 
capillary  tube  to  be  used  in  testing  the  solutions. 
Since  the  same  tube  is  used  for  all  tests,  the  re¬ 
sults  will  show  the  capillarity  ratios  of  the  solu¬ 
tions. 

Experiment  52.  The  students  should  be  in¬ 
structed  to  wash  off  the  electrodes  of  the  conduc¬ 
tivity  apparatus  after  each  test.  Otherwise  enough 
solution  of  an  electrolyte  may  remain  on  the  elec¬ 
trodes  to  cause  a  non-electrolyte  to  conduct  elec¬ 
tricity.  (For  the  apparatus,  see  the  laboratory 
help  on  page  212.)  It  is  also  important  that  the 
distilled  water  used  is  sufficiently  pure  to  be  a 
non-conductor. 


Experiment  53.  Warn  the  students  to  heat  the 
solution  very  slowly.  The  flame  should  be  kept 


212a 


three  or  four  inches  below  the  bottom  of  the  test 
tube  to  insure  slow  heating.  You  will  find  it  saves 
time  to  set  up  the  apparatus  as  shown  on  page 
212a  and  demonstrate  how  to  determine  the  boil¬ 
ing  point  of  a  solution. 

Experiment  54.  Have  the  students  bring  the 
tests  to  you  for  your  approval.  In  this  way  you 
will  be  sure  they  know  the  test  for  each  substance. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  lb.  dry  ice  (or  ice  and  salt) 

35  ml  methyl  alcohol 
275  ml  denatured  alcohol 
35  ml  glycerine 
35  gm  sugar 
35  gm  calcium  chloride 
35  gm  sodium  nitrate 
35  ml  each,  four  commercial  antifreezes 
1  liter  distilled  water 
3  ft.  copper  wire  (No.  18) 

25  ml  Schiff’s  reagent 
10  ml  isopropyl  alcohol 
10  ml  ethlyene  glycol 
1  gm  iodine  crystals 
100  ml  sodium  hydroxide  solution 
25  ml  1%  resorcin  solution 
50  ml  sulfuric  acid,  concentrated 
25  ml  mercuric  sulfate  or  nitrate  solution 
20  gm  potassium  acid  sulfate  crystals 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

5  10-ml  or  25-ml  graduates 
1  freezing  device  (See  p.  212) 

1  conductivity  apparatus  (See  p.  212) 


glass  tubing 
5  medicine  droppers 
5  Bunsen  burners 

20  test  tubes  (6  in.  by  %  in.) 

5  test  tubes  (8  in.) 

5  millimeter  rulers 
1  balance,  triple-beam 

30  beakers  (150,  250,  or  400  ml) 

5  two-hole  rubber  stoppers  (No.  4) 

5  rings  and  ringstands 
5  burette  clamps 
5  thermometers,  —10°  to  110°  C. 

5  thermometers,  to  300°  C. 

5  wire  gauzes 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  How  do  polar  and  non-polar  compounds 
differ? 

2.  What  relation  exists  between  the  molecular 
weight  of  a  substance  and  the  number  of  degrees 
that  it  lowers  the  freezing  point  of  a  solution? 
Does  this  vary  for  polar  and  non-polar  com¬ 
pounds? 

3.  What  causes  solutions  to  leak  out  of  an  auto¬ 
mobile  radiator? 

4.  What  kind  of  solutions  will  corrode  the 
metals  in  the  cooling  system  of  a  car?  Why? 

5.  Will  a  gram-molecular  weight  of  all  mate¬ 
rials  have  the  same  effect  on  the  boiling  point  of 
water? 

6.  Do  all  antifreezes  boil  at  the  same  tempera¬ 
ture? 

7.  What  substances  are  used  as  antifreezes? 

8.  What  are  the  advantages  and  disadvantages 
of  the  different  materials  used  in  antifreezes? 

9.  What  are  the  characteristics  of  a  desirable 
antifreeze? 
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Experiment  50 


What  keeps  the  water  in  an  automobile  radiator  from  freezing? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  substances  will  lower  the  freezing 
point  of  water?  How  much  can  the  freezing 
point  be  lowered?  How  can  you  regulate  this 
lowering?  You  should  be  able  to  answer  these 
questions  when  you  have  finished  the  experi¬ 
ment. 

To  most  people  the  freezing  point,  or  the 
lowering  of  the  freezing  point,  of  water  is  their 
only  concern  in  selecting  an  antifreeze.  Of 
course  this  is  important,  very  much  so.  But  we 
have  already  mentioned  some  other  things 
that  you  should  consider. 

Before  doing  the  experiment,  refer  to  your 
chemistry  book  and  then  answer  the  following 
questions. 

Chemistry  and  Its  Wonders,  pp.  208-211 


Chemistry  and  You.  pp.  116,  206,  484-490 
Chemistry  at  Work.  pp.  54,  72,  194,  473 
Chemistry  for  Secondary  Schools,  p.  197 
Chemistry  in  Use.  pp.  225-233 
Dynamic  Chemistry,  pp.  165-170,  673-680 
First  Book  in  Chemistry,  pp.  206,  266,  552 
First  Principles  of  Chemistry,  pp.  139-140,  263 
First  Year  of  Chemistry,  pp.  251-255 
Modem  Chemistry,  pp.  33,  114-117,  120,  344- 
345,  350-352 

Modern  Everyday  Chemistry,  pp.  229-230,  291 
Modern-Life  Chemistry,  pp.  144,  148,  185-187 
New  Practical  Chemistry,  pp.  159-161,  376- 
377,  442-447 

New  World  of  Chemistry,  pp.  240,  256-257, 
562,  578,  583-589 


1.  What  is  the  freezing  point  of  water  (or  melting  point  of  ice)?  Give  your  answer  in 

Fahrenheit  and  Centigrade.  ..^9. . °  F.  or  . 9 . °  C. 

2.  List  the  characteristics  of  a  solution.  Ciear,  uniform,  filterable  mixture  of . 

solvent  (usually  liquid)  and  solute  (dissolved  material).  Dissolved  particles 


will  not  settle  out  on  standing. 


3.  What  is  a  solute?  ,.I)is8olved.  sub8tanCe 


4.  What  is  a  solvent?  ..1)l8Solvin8..8ub8tanCe . 

5.  State  what  the  ionization  theory  says  about  the  effect  of  electrolytes  and  non-electrolytes 

,  ,  .  ,  r  .  Electrolyte  lowers  freezing  point  1.86°  C. 

on  lowering  the  freezmg  pomt  of  water . “ . . 

times  number  of  ions  each  molecule  forms  f cr  each  gram- mo lecular  we ight  in 
liter  of  solution.  Non-electrolyte  lowers  freezing  point  1.86°  C.  for  each 

gram -mo lecular  weight  in  liter  of  solution. 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed :  Methyl  alcohol.  Denatured  (ethyl)  alcohol.  Glycerine.  Sugar  (cane  or 
beet).  Calcium  chloride.  Sodium  nitrate.  Distilled  Water.  Four  brands  of  antifreeze. 
apparatus  needed  :  Graduate.  Balance.  Four  6-inch  test  tubes.  Thermometer  that  can  be  read 
to  at  least  —10°  C.  Freezing  device.  (Read  page  212.  Salt  and  chipped  ice  as  a  freezing  mix¬ 
ture  may  be  used;  but  if  dry  ice — frozen  carbon  dioxide — is  available,  speedier  results  may  be 
obtained  by  placing  a  cake  of  dry  ice  in  a  metal  box  and  covering  it  with  denatured  alcohol. 
The  alcohol  will  soon  be  cold  enough  to  freeze  your  test  solutions.) 


In  this  experiment  you  are  going  to  deter¬ 
mine  the  freezing  point  of  water  solutions. 
Some  of  these  may  be  used  as  antifreezes, 
while  others  would  be  very  undesirable  for 
that  purpose.  In  each  case  20%  solutions  will 
be  used.  Notice  how  the  molecular  weight  of 
the  antifreeze  influences  the  freezing  point  of 
the  solution. 

A  number  of  the  salts  used  in  this  experi¬ 
ment  ionize;  that  is,  the  molecules  dissociate 
in  water  solutions  as  electrically  charged  par¬ 
ticles,  or  ions.  Notice  how  substances  of  this 
type  abnormally  affect  the  freezing  point. 
a.  Solutions  of  liquids.  Measure  out  exactly 
2  ml  each  of  methyl  alcohol,  denatured  alco¬ 
hol,  and  glycerine  into  three  separate  6-inch 
test  tubes.  To  each  of  these  add  8  ml  of  dis- 
stilled  water.  Shake  each  of  these  solutions  to 
insure  a  uniform  mixture.  Then  place  them  in 
the  freezing  device  and  let  them  remain  there 
until  they  are  frozen.  Be  sure  to  label  each 
test  tube  so  that  you  can  identify  it  later. 


Remove  them  from  the  freezing  mixture  one 
at  a  time  and  hold  the  lower  part  of  a  test  tube 
in  your  hand  until  the  frozen  material  loosens 
from  the  side  of  the  tube.  Insert  the  thermom¬ 
eter  in  the  frozen  mixture  to  determine  the 
melting  point.  The  melting  point  is  the  con¬ 
stant  temperature  that  is  found  when  the  ther¬ 
mometer  bulb  is  placed  in  the  middle  of  the 
mixture.  The  freezing  point  is  the  same  as 
the  melting  point.  Record  your  results  in  the 
table. 

Calculate  the  molecular  weight  of  each  of 
the  compounds  in  the  table.  The  molecular 
weight  of  a  compound  is  determined  by  adding 
the  atomic  weights  of  all  the  atoms  in  the  com¬ 
pound.  If  an  element  appears  more  than  once 
in  the  formula,  the  atomic  weight  of  that  ele¬ 
ment  must  be  multiplied  by  that  number.  For 
example,  methyl  'alcohol  has  the  formula 
CH,,OH.  Since  C  =  12,  H,  =  1X3,  0  =  16, 
and  H  =  1,  methyl  alcohol  has  a  molecular 
weight  of  32. 


SOLUTION 

FORMULA 

MOLECULAR  WEIGHT 

FREEZING  POINT 

Methyl  alcohol 

CH,OH 

32 

Denatured  alcohol 

C2H5OH 

46 

Glycerine 

C3H,(OH)3 

92 

b.  Solutions  of  solids.  Weigh  out  four  Va¬ 
gram  samples  of  each  of  your  solids,  sugar,  cal¬ 
cium  chloride,  and  sodium  nitrate,  on  separate 
pieces  of  paper  properly  labeled.  Place  Vi 
gram  of  each  substance  in  labeled  6-inch  test 
tubes  and  add  8  ml  of  distilled  water. 

Shake  the  mixtures  to  speed  up  the  dissolv¬ 
ing  of  the  solids  in  the  solutions.  Determine 
the  freezing  point  of  each  of  the  solutions  in 


the  same  way  as  you  did  in  Part  a.  Record 
your  results  in  the  table. 

Add  an  additional  Vi  gram  of  the  proper 
solid  to  each  of  the  test  tubes.  Determine  the 
freezing  points  as  before  and  record  your  re¬ 
sults.  Add  the  other  two  ^-gram  portions,  one 
at  a  time,  in  a  similar  manner.  Then  calculate 
the  molecular  weight  of  each  substance  used 
and  insert  it  in  the  table  on  the  next  page. 
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NAME _  DATE  PERIOD  RATING 


SOLUTION 

FORMULA 

MOLECULAR 

WEIGHT 

FREEZING  POINT 

V2  gm  in 

8  ML 

1  GM  IN 

8  ML 

IV2  GM  IN 
8  ML 

2  GM  IN 

8  ML 

Sugar  (cane  or  beet) 

C12H22O11 

342 

Calcium  chloride 

CaClo 

111 

Sodium  nitrate 

NaNO.j 

85 

c.  Commercial  antifreezes.  Prepare  20%  solu¬ 
tions  as  you  did  in  Part  a.  Measure  out  exactly 
2  ml  of  one  of  the  commercial  antifreezes  in 
your  graduate  and  add  exactly  8  ml  of  distilled 
water  while  it  is  still  in  the  graduate.  Shake 
the  mixture  thoroughly  and  pour  it  into  a  6- 
inch  test  tube.  Place  a  slip  of  paper  in  the  top 
of  the  test  tube,  indicating  the  solution  being 
tested. 


Repeat  this  procedure  with  the  other  three 
brands.  Then  follow  the  same  method  for  de¬ 
termining  the  freezing  point  of  the  solutions 
as  was  used  in  Part  a.  Record  your  results  in 
the  table. 

Fill  in  the  next-to-last  column  of  the  table. 
Then  rate  the  antifreeze  solution  that  lowers 
the  freezing  point  the  most  as  1,  the  next  as  2, 
and  so  on. 


BRAND  OF  ANTIFREEZE 

FREEZING  POINT 

LOWERING  OF  FREEZING 
POINT  IN  °C. 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Do  equal  volumes  of  liquids  lower  the  freezing  point  the  same  number  of  degrees? 

Give  examples  alcohol  lowers  freezing  point  most,  next  denatured  ethyl 

alcohol,  then  glycerine. 


2.  What  effect  will  the  addition  of  a  solid  solute  have  on  the  freezing  point  of  a  solution? 

Will  lower  freezing  point 
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3.  Do  equal  amounts  of  different  solids  lower  the  freezing  point  of  water  the  same  number 
of  degrees?  No  Give  examples  Calcium  chloride  lowers  freezing  point  most,  next 
sodium  nitrate,  then  sugar. 


4.  What  relationship  exists  between  the  molecular  weight  of  a  substance  and  the  number 

of  degrees  that  it  lowers  the  freezing  point  of  water?  . . we. . 

lowers  freezing  point  1.86°  C.,  then  two  gram-molecular  weights  will  lower 

freezing  point  twice  as  much  and  so  on. 
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51 

DATE  PERIOD  RATING 


Experiment  51 


What  causes  an  antifreeze  to  seep  out  of  an  automobile? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Have  you  ever  heard  of  a  motorist  who  had 
just  filled  his  radiator  with  an  antifreeze  solu¬ 
tion  and  then  found  most  of  it  on  his  garage 
floor  the  next  morning?  No,  he  did  not  forget 
to  shut  the  petcock,  but  he  did  forget  (or  did 
not  know)  that  not  all  solutions  act  like  water. 

How  did  the  antifreeze  solution  get  out  of  the 
car? 

1.  What  is  capillarity? 

and  to  fall  in  tubes  that  they  do  not  wet. 


This  behavior  of  solutions  can  be  referred 
to  as  capillary  action,  permeability,  or  seep¬ 
age.  The  surface  tension  of  all  liquids  is  not 
the  same.  Many  solutions  will  seep  through 
connections,  gaskets,  and  rubber  tubing  that 
may  be  water  tight. 

Use  reference  books  to  answer  the  follow¬ 
ing  questions  before  doing  this  experiment. 


Tendency  of  liquids  to  rise  in  fine  tubes  that  they  wet 


(Rise  or  fall  inversely  proper 


tional  to  diameter  of  tube.  ) 


2.  Tell  what  is  meant  by  the  viscosity  of  a  liquid.  . ^ . .f. ^ 

resents  body  and  fluidity. ) 

3.  What  seepage,  or  “creeping,”  tendency  will  a  substance  with  a  high  capillarity  have  in  a 

radiator  with  poor  hose  connections?  . 

connections . 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Methyl  alcohol.  Denatured  alcohol.  Glycerine.  Sugar.  Calcium  chloride. 
Sodium  nitrate.  Four  brands  of  antifreeze  (the  same  ones  used  in  Experiment  50). 
apparatus  needed  :  Graduate.  Balance.  Glass  tubing.  Medicine  dropper.  Bunsen  burner.  Six 
6-inch  test  tubes.  Centigrade  thermometer.  Millimeter  ruler. 


Prepare  a  capillary  tube  by  heating  a  piece 
of  glass  tubing  about  8  inches  long  in  a  Bun¬ 
sen  flame  without  the  wing  top.  When  the 
glass  becomes  plastic,  remove  it  from  the  flame 
and  quickly  draw  the  tube  to  a  length  of  two 
or  three  feet. 

Cut  off  your  drawn  tube  and  attach  the 
rubber  bulb  from  your  medicine  dropper  as 
shown  in  the  diagram  at  the  right.  You  are 
now  ready  to  measure  the  capillarity  of  the 
different  solutions. 


MEDICINE 

DROPPER 


BU 


LB 


2  INCHES 


6  INCHES 


GLASS  TUBING 


a.  Solutions  of  liquids  and  solids.  Place  5 
drops  each  of  methyl  alcohol,  denatured  alco¬ 
hol,  and  glycerine  in  separate  6-inch  test  tubes 
and  add  20  drops  ( 1  ml )  of  tap  water  to  each. 
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Also  place  .2  gram  each  of  sugar,  calcium  chlo¬ 
ride,  and  sodium  nitrate  in  separate  6-inch  test 
tubes  and  add  20  drops  ( 1  ml )  of  tap  water  to 
each.  Allow  the  solids  to  dissolve  in  the  water. 

Place  the  capillary  tube  in  an  upright  posi¬ 
tion  in  one  of  these  test  tubes.  Using  the  rub¬ 
ber  bulb,  draw  the  solution  into  the  capillary 
tube  two  or  three  times  until  the  level  is  above 
the  thin  part.  Remove  the  bulb  and  hold  the 
tube  steady,  allowing  the  height  of  the  liquid 
to  fall  until  it  falls  no  farther.  With  a  milli¬ 
meter  ruler  measure  the  height  of  the  solution 


in  the  capillary  tube  above  the  level  of  the 
solution  in  the  test  tube.  Record  this  height 
in  the  table. 

Replace  the  rubber  bulb  on  the  capillary 
tube  and  force  all  of  the  solution  out  of  the 
tube.  Then  test  the  other  solutions  in  the  same 
way,  recording  all  the  heights  in  the  table. 

Now  heat  each  of  the  solutions  to  a  tempera¬ 
ture  of  60°  C.  and  then  measure  the  heights 
again.  Record  them  in  the  table  as  before. 
Rate  the  solution  with  the  lowest  capillarity 
as  1,  the  next  as  2,  and  so  on. 


SOLUTION 

HEIGHT  IN  MM  AT  ROOM 

TEMPERATURE 

HEIGHT  IN  MM  AT  60°  C. 

RATING 

Methyl  alcohol 

Denatured  alcohol 

Glycerine 

Sugar 

Calcium  chloride 

Sodium  nitrate 

- 

b.  Commercial  antifreezes.  Follow  the  same  of  antifreeze.  Record  your  results  and  rat- 
procedure  as  in  Part  a,  using  the  four  brands  ings  in  the  following  table. 


BRAND  OF  ANTIFREEZE 

HEIGHT  IN  MM  AT  ROOM 

TEMPERATURE 

HEIGHT  IN  MM  AT  60°  C. 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  Which  of  the  solutions  in  Part  a  would  be  least  suitable  as  an  antifreeze  because  of 

its  capillary  action?  . .  .  (b)  Which  solution  in  Part  b  would  be 

most  satisfactory  as  an  antifreeze  because  of  its  capillary  action?^^^^^.0^..a^Cc^.0.^ . } 

2.  Does  a  change  in  temperature  affect  the  capillarity,  or  “seepage,”  of  solutions?  ...T?.8 . 

(Usually  lowers  elevation  in  tube.) 
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NAME 


DATE 


PERIOD  RATING 


Experiment  52 

Do  antifreeze  solutions  rust  or  corrode  a  motor? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


What  causes  rusting  or  corrosion?  Ordinar¬ 
ily  we  think  of  rusting  as  being  the  union  of 
oxygen  with  a  metal.  But  is  there  anything 
else  that  will  cause  corrosion? 

Have  you  ever  looked  at  the  zinc  case  of  a 
worn-out  flashlight  battery?  The  small  white 
crystals  collected  on  it  have  been  formed  from 
the  zinc  of  the  battery.  This  is  an  example  of 
corrosion  caused  by  electrolytic  action. 

Whenever  a  solution  contains  electrically 
charged  particles,  called  ions,  it  is  an  elec¬ 
trolytic  solution.  Besides  conducting  an  elec¬ 
tric  current,  it  will  corrode  metals. 

When  water  comes  in  contact  with  the  iron 
of  a  motor,  rust  forms.  Rust  inhibitors  are 
often  added  to  commercial  antifreeze  solutions 
to  prevent  corrosion  of  this  type.  Many  rust 
inhibitors  form  emulsions  with  the  water  be¬ 
cause  they  contain  oils  and  emulsifying  agents. 
An  oil  coating  keeps  the  iron  from  rusting. 


Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  208-211,  226 
Chemistry  and  You.  pp.  206-211,  484-490 
Chemistry  at  Work.  pp.  251,  257,  259,  473 
Chemistry  for  Secondary  Schools,  pp.  94a, 
195,  209 

Chemistry  in  Use.  pp.  225-233 
Dynamic  Chemistry,  pp.  170-171 
First  Book  in  Chemistry,  pp.  204-206 
First  Principles  of  Chemistry,  pp.  139-140, 
251-256 

First  Year  of  Chemistry,  pp.  255-257 
Modern  Chemistry,  pp.  344-352,  357-359 
Modern  Everyday  Chemistry,  pp.  291,  423 
Modern-Life  Chemistry,  pp.  187-189,  190,  562- 
565,  566 

New  Practical  Chemistry,  pp.  159-161 
New  World  of  Chemistry,  pp.  578,  583-589 


1.  What  is  a  polar  compound?  ..One  that  will  conduct  electric  current  in  liquid 
state  or  in  solution. 

2.  What  is  a  non-polar  compound?  On®  .that  will  not  conduct  electric  current  in 
liquid,  state  or  in  solution. 


3.  Tell  what  is  meant  by  an  electrolyte.  Compound  whoee  water  solution  will  conduct 
electric  current. 


4.  Name  the  opposite  of  an  electrolyte.  . 

EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Methyl  alcohol.  Denatured  alcohol.  Glycerine.  Sugar.  Calcium  chloride. 
Sodium  nitrate.  Distilled  water.  Four  brands  of  antifreeze  (the  same  ones  used  before). 
apparatus  needed :  10  ml  graduate.  Balance.  Six  beakers.  Conductivity  apparatus  (page  212). 

If  you  can  prove  that  a  non-electrolyte  is  rosion  than  ordinary  water.  In  this  experi- 
present  in  an  antifreeze,  you  can  be  reason-  ment  you  are  therefore  going  to  test  different 
ably  sure  that  it  will  not  cause  any  more  cor-  solutions  to  see  if  they  will  conduct  an  electric 
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current.  The  less  current  a  solution  will  con¬ 
duct,  the  less  corrosive  it  will  be. 
a.  Solutions  of  liquids  and  solids.  Prepare 
20%  solutions  as  you  did  in  Experiment  50. 
Measure  out  2  ml  each  of  methyl  alcohol,  de¬ 
natured  alcohol,  and  glycerine  in  your  gradu¬ 
ate  and  add  8  ml  of  distilled  water  to  each 
sample.  Weigh  out  2  grams  each  of  sugar, 
calcium  chloride,  and  sodium  nitrate  and  add 
8  ml  of  distilled  water  to  each. 

Shake  each  solution  thoroughly  before  pour¬ 
ing  it  into  a  separate  beaker.  Be  sure  to  label 
each  of  the  six  beakers  so  that  you  can  identify 
them  later. 


Now  test  the  solution  in  each  beaker  with 
the  conductivity  apparatus  to  find  out  whether 
or  not  it  will  conduct  an  electric  current.  Be 
sure  to  clean  the  electrodes  after  each  solution 
is  tested. 

Whether  you  use  a  galvanometer  or  an  elec¬ 
tric  light  to  determine  the  amount  of  conduc¬ 
tivity,  classify  your  solutions  as  electrolytes 
or  non-electrolytes.  If  a  solution  conducts  an 
electric  current,  indicate  whether  it  is  a  good, 
fair,  or  poor  conductor.  Record  your  results 
in  the  table.  Fill  in  the  last  two  columns  of 
the  table.  Rate  the  poorest  conductor  as  1,  the 
next  poorest  as  2,  and  so  on. 


SOLUTION 

Electrolyte  or 
Non- electrolyte? 

Good,  Fair,  or 
Poor  Conductor? 

WILL  SUBSTANCE 
CAUSE  CORROSION? 

RATING 

Methyl  alcohol 

Non-e lectr olyte 

Poor 

No 

1 

Denatured  alcohol 

Non-e lectr olyte 

Poor 

No 

1 

Glycerine 

Non-electrolyte 

Poor 

No 

1 

Sugar 

Non-e lectr olyte 

Poor 

No 

1 

Calcium  chloride 

Electrolyte 

Good 

Yes 

2 

Sodium  nitrate 

Electrolyte 

Good 

Yes 

3 

b.  Commercial  antifreezes.  Repeat  Part  a,  Record  your  results  in  the  table.  Then  fill  in 
using  the  four  different  brands  of  antifreeze.  the  last  two  columns. 


BRAND  OF  ANTIFREEZE 

Electrolyte  or 
Non-electrolyte? 

Good,  Fair,  or 
Poor  Conductor? 

WILL  ANTIFREEZE 
CAUSE  CORROSION? 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 
1.  On  the  basis  of  conductivity,  which  solutions  should  be  avoided  as  antifreezes?  . 

Calcium  chloride ,  s oil urn  nitrate ,  some  commer c ia 1  antifreezes  (usually  methyl 

alcohol ) 


2.  Do  all  antifreezes  have  a  corrosive  action  on  an  automobile  radiator  and  engine? 


No 


220 


53 


NAME 


_ DATE _ PERIOD _ RATING 

Experiment  53 


Do  all  antifreeze  solutions  boil  away 
at  the  same  temperature? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Have  you  ever  heard  of  a  motorist  who  pre¬ 
pared  his  automobile  for  twenty-below-zero 
driving  and  then  forgot  about  it?  The  tem¬ 
perature  hovered  above  the  freezing  point  for 
a  few  weeks,  then  suddenly  dropped  to  zero. 
To  his  surprise  the  radiator  solution  froze. 

Will  a  sudden  drop  in  temperature  give  you 
undue  worry  about  your  car  radiator?  Many 
antifreeze  solutions  will  boil  away  under  cer¬ 
tain  driving  conditions.  The  antifreeze  solu¬ 
tion  mentioned  above  boiled  away  while  the 
temperature  was  above  freezing. 

To  slow  down  the  evaporation  of  some  anti¬ 
freezes,  various  types  of  oils  are  added.  These 
oils  are  called  evaporation  retarders. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 


Chemistry  and  Its  Wonders,  pp.  208-211 
Chemistry  and  You.  pp.  39,  116,  206,  484-490 
Chemistry  at  Work.  pp.  58-72,  431,  473 
Chemistry  for  Secondary  Schools,  pp.  199,  289 
Chemistry  in  Use.  pp.  225-233 
Dynamic  Chemistry,  p.  166 
First  Book  in  Chemistry,  pp.  206,  525,  554 
First  Principles  of  Chemistry,  p.  264 
First  Year  of  Chemistry,  pp.  251-255 
Modern  Chemistry,  pp.  26-28,  100,  120,  121, 
344-345,  350-352 

Modern  Everyday  Chemistry,  pp.  204,  219, 
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Modern-Life  Chemistry,  pp.  148,  623 
New  Practical  Chemistry,  pp.  159-161,  376- 
377,  442-447 

New  World  of  Chemistry,  pp.  240,  256-257, 
578,  583-589 


1.  What  is  the  boiling  point  of  water?  Give  your  answer  in  Fahrenheit  and  Centigrade. 
.212  ..°  F.  or  .A9?....°  C. 

2.  According  to  the  theory  of  ionization,  what  effect  will  the  addition  of  a  solid  solute  have 


.  .  ,  ,  9  Raise  boiling  point 

on  the  boiling  point  ot  water;  - _ - - . . . 

3.  Will  the  addition  of  a  liquid  solute  have  the  same  effect  as  a  solid  solute?  * . 

If  liquid  has  higher  boiling  point  than  water,  it  will  raise  boiling  point  and 


vice  versa. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Methyl  alcohol.  Denatured  alcohol.  Glycerine.  Sugar.  Calcium  chloride. 
Sodium  nitrate.  Four  brands  of  antifreeze  used  in  the  previous  experiments. 
apparatus  needed:  Graduate.  Balance.  Centigrade  thermometer.  8-inch  test  tube.  Two-hole 
rubber  stopper.  30  inches  of  glass  tubing  to  be  used  as  a  condensing  tube.  Bunsen  burner. 
Ringstand.  Burette  clamp.  Pieces  of  glass  tubing  about  one  inch  long. 

In  this  experiment  you  are  going  to  deter-  Then  you  will  find  the  boiling  point  of  the  four 

mine  the  boiling  point  of  different  solutions.  brands  of  antifreeze. 
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a.  Solutions  of  liquids  and  solids.  Prepare 
20%  solutions  of  each  of  your  liquids  (methyl 
alcohol,  denatured  alcohol,  and  glycerine)  by 
mixing  8  ml  of  water  with  2  ml  of  the  liquid 
to  be  tested.  For  the  solids  (sugar,  calcium 
chloride,  and  sodium  nitrate),  use  2  grams  of 
the  solid  to  8  ml  of  water.  Place  each  solution 
in  the  8-inch  test  tube  when  you  are  ready  to 
test  it. 

Then  put  a  two-hole  rubber  stopper  in  the 
8-inch  test  tube.  Into  one  of  these  holes  insert 
a  thermometer  to  the  point  where  the  bulb  of 
the  thermometer  will  be  covered  by  the  solu¬ 
tion.  Wet  the  stopper  and  thermometer  with 
water  before  inserting  the  thermometer  and 
glass  tubing.  Through  the  other  hole  put  the 
long  piece  of  glass  tubing  so  that  it  just  ex¬ 


tends  through  the  stopper.  (This  tube  will 
serve  as  a  reflux  condenser  and  will  condense 
the  gases  formed  when  the  solutions  are 
boiled.)  Add  a  few  short  pieces  of  glass  tub¬ 
ing  to  the  test  tube  to  prevent  the  solution 
from  “bumping.” 

Clamp  the  test  tube  to  the  ringstand  in  an 
upright  position.  Apply  heat  slowly  to  the 
solution  and  notice  the  temperature  at  which 
the  solution  starts  to  boil.  If  any  vapor  escapes 
through  the  top  of  the  condensing  tube,  you 
are  heating  the  solution  too  fast.  Record  the 
boiling  point  of  the  solution  in  the  table. 
Then  repeat  with  the  other  solutions. 

Now  rate  your  solutions.  The  solution  with 
the  highest  boiling  point  should  be  rated  as  1, 
the  next  as  2,  and  so  on. 


SOLUTION 

BOILING  POINT 

RATING 

Methyl  alcohol 

Denatured  alcohol 

Glycerine 

t 

Sugar 

Calcium  chloride 

Sodium  nitrate 

b.  Commercial  antifreezes.  Repeat  Part  a,  your  results  in  the  table.  Then  fill  in  the  last 

using  the  four  brands  of  antifreeze.  Record  column  as  you  did  in  Part  a. 


BRAND  OF  ANTIFREEZE 

BOILING  POINT 

RATING 

1. 

2. 


CONCLUSIONS  FROM  THE  EXPERIMENT 


Yes  (fairly  so) 


Do  mixtures  of  two  different  liquids  have  a  constant  boiling  point? 

Give  a  reason  for  the  abnormally  high  boiling  points  of  calcium  chloride  and  sodium 


nitrate  solutions. 


Electrolytes  ionize  in  solution. 
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NAME 


DATE 


PERIOD 


RATING 


Experiment  54 

What  compounds  are  used  in  making  commercial 

antifreeze  solutions? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Throughout  this  unit  you  have  been  com¬ 
paring  different  antifreezes  with  methyl  alco¬ 
hol,  denatured  alcohol,  and  glycerine.  You 
may  have  assumed  that  commercial  anti¬ 
freezes  contain  these  substances  or  similar 
ones.  Now  you  are  going  to  test  the  com¬ 
mercial  antifreezes  to  determine  what  chemi¬ 
cal  compounds  are  present  in  each  of  them. 
Small  quantities  of  material  are  purposely 
used  in  each  of  the  tests  so  as  to  show  that 
good  results  can  be  obtained  even  if  only 
small  quantities  of  a  substance  are  present. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 


Chemistry  and  Its  Wonders,  pp.  483-484 
Chemistry  and  You.  pp.  484-490 
Chemistry  at  Work.  pp.  143,  469-470,  473 
Chemistry  for  Secondary  Schools,  pp.  330-334 
Chemistry  in  Use.  pp.  418-421 
Dynamic  Chemistry,  pp.  673-680 
First  Book  in  Chemistry,  pp.  552-558 
First  Principles  of  Chemistry,  pp.  671-674 
First  Year  of  Chemistry,  pp.  523-525 
Modern  Chemistry,  pp.  689,  691-696 
Modern  Everyday  Chemistry,  pp.  370,  390 
Modem-Life  Chemistry,  pp.  186,  652-653 
New  Practical  Chemistry,  pp.  377,  442-447, 
463-464 

New  World  of  Chemistry,  pp.  578,  583-589 


1.  How  is  methyl  alcohol  made*®*  deatructiya  distillation  of  hart  woo4._  2. 
3y  syn thesis  of  carbon  monoxide  and  hydrogen. 


2.  Why  is  pure  ethyl  alcohol  not  used  as  antifreeze?  To°  eJt?8n8lve-  .  ^  °n 
pure  ethyl  alcohol  to  prevent  beverage  use. 


3. 


To  what  class  of  compounds  does  glycerine  belong? 


Alcohols 


4. 


Methyl  alcohol  is  very  dangerous  to  use  because  it  is 


very  poisonous 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Methyl  alcohol.  Denatured  alcohol.  Isopropyl  alcohol.  Ethylene  glycol. 
Glycerine.  Four  brands  of  antifreezes  used  in  the  previous  experiments.  Iodine  crystals. 
Sodium  hydroxide  solution.  No.  18  copper  wire.  1%  resorcin  solution.  Distilled  water.  Con¬ 
centrated  sulfuric  acid.  Saturated  solution  of  mercuric  sulfate  or  mercuric  nitrate.  Schiff’s 
reagent.  Potassium  acid  sulfate  crystals. 

apparatus  needed:  Graduate.  Six  6-inch  test  tubes.  Bunsen  burner.  150  ml  beaker.  Wire 
gauze.  Ring  and  ringstand.  Clamp.  Centigrade  thermometer  reading  to  300°  C. 

In  this  experiment  you  are  going  to  find  out  first  you  must  learn  the  regular  test  for  each 
what  chemical  compounds  are  present  in  each  compound  so  that  you  can  identify  the  test 
of  the  commercial  antifreeze  solutions.  But  when  you  apply  it  to  an  antifreeze  solution. 
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a.  Testing  for  methyl  alcohol.  (Methyl  alco¬ 
hol,  wood  alcohol,  and  methanol  are  different 
names  for  the  same  compound. )  Place  5  drops 
( V4  ml)  of  methyl  alcohol  in  a  6-inch  test  tube 
and  dilute  it  with  approximately  1  ml  of  dis¬ 
tilled  water.  Shake  the  mixture  thoroughly. 
Wind  a  piece  of  No.  18  copper  wire  around  a 
pencil  or  similar-sized  rod  to  form  a  spiral  on 
the  end  of  the  wire.  Heat  the  spiral  wire  in 
a  Bunsen  flame.  While  it  is  still  red-hot,  put  it 
in  the  alcohol  solution.  Repeat  the  process  a 
number  of  times  so  that  the  methyl  alcohol 
will  be  partially  oxidized.  You  will  notice  a 
change  in  the  odor  of  the  alcohol  to  that  of 
formaldehyde,  the  new  compound  formed. 

You  can  test  for  formaldehyde  by  cooling 
the  solution  that  has  been  oxidized  and  then 
adding  1  drop  of  1%  resorcin  solution.  Put  1 
or  2  ml  of  concentrated  sulfuric  acid  in  a  6-inch 
test  tube  and  carefully  add  the  mixture  con¬ 
taining  resorcin  to  the  acid.  Hold  the  test  tube 
at  an  angle  while  the  formaldehyde  solution  is 
being  added.  A  pink  or  reddish  ring  between 
the  layers  of  the  two  solutions  confirms  the 
presence  of  formaldehyde. 

Repeat  the  test,  using  the  four  antifreeze 
solutions.  Record  your  results  in  the  table. 

b.  Testing  for  ethyl  alcohol.  (Denatured  al¬ 
cohol  is  ethyl  alcohol  with  some  substance 
added  to  make  it  unfit  for  drinking.  Ethyl 
alcohol  is  also  called  grain  alcohol  or  ethanol. ) 
Place  10  drops  ( Vi  ml)  of  denatured  alcohol 
in  a  6-inch  test  tube  and  add  a  small  iodine 
crystal  to  the  solution  in  the  test  tube.  Shake 
the  mixture  until  the  iodine  dissolves.  Add 
sodium  hydroxide  solution  a  drop  at  a  time 
until  the  brown  color  changes  to  a  light  yel¬ 
low  or  a  clear  solution.  Warm  the  solution 


over  a  Bunsen  flame  and  then  set  the  test  tube 
aside  for  a  few  minutes.  A  precipitate  of  iodo¬ 
form  will  soon  settle  out. 

Repeat  the  test  on  the  four  antifreeze  solu¬ 
tions.  Record  your  results  in  the  table. 

c.  Testing  for  isopropyl  alcohol.  Put  2  or  3 
drops  of  isopropyl  alcohol  in  a  6-inch  test  tube 
and  dilute  it  with  about  1  ml  of  distilled  water. 
To  this  solution  add  1  ml  of  a  saturated  solu¬ 
tion  of  either  mercuric  sulfate  or  mercuric 
nitrate.  Partly  fill  a  150  ml  beaker  with  water 
and  set  it  on  a  wire  gauze  supported  on  a  ring 
of  the  ringstand  over  a  Bunsen  flame.  When 
the  water  is  boiling,  heat  the  solution  in  the 
test  tube  for  three  minutes.  A  yellow  precipi¬ 
tate  confirms  the  presence  of  isopropyl  alcohol. 

Repeat  the  test,  using  each  antifreeze  solu¬ 
tion.  Record  your  results  in  the  table. 

d.  Testing  for  ethylene  glycol.  Fill  the 
rounded  portion  of  a  6-inch  test  tube  with 
potassium  acid  sulfate  crystals.  Add  about  10 
drops  (V2  ml)  of  ethylene  glycol  and  heat. 
The  chemical  reaction  that  takes  place  pro¬ 
duces  acetaldehyde.  Add  5  to  10  drops  of 
Schiff’s  reagent.  The  reagent  will  turn  violet, 
proving  that  ethylene  glycol  is  present. 

Test  each  of  the  antifreeze  solutions  in  the 
same  way.  Record  your  results  in  the  table. 

e.  Testing  for  glycerine.  (Glycerol  is  another 
name  for  glycerine.)  Fill  the  rounded  portion 
of  a  6-inch  test  tube  with  potassium  acid  sul¬ 
fate  crystals.  Add  2  or  3  drops  of  glycerine 
and  heat  strongly  over  the  Bunsen  flame.  The 
odor  is  caused  by  the  formation  of  acrolein. 
It  is  a  test  for  glycerine.  Do  not  inhale  much 
acrolein.  It  attacks  the  mucous  membrane. 

Test  each  antifreeze  solution  in  the  same 
way.  Record  your  results  in  the  table. 


BRAND  OF  ANTIFREEZE 

IS  METHYL 

ALCOHOL 
PRESENT? 
(BOILING  POINT 

64°  c.) 

IS  ETHYL 

ALCOHOL 
PRESENT? 
(boiling  POINT 
78°  c.) 

IS  ISOPROPYL 

ALCOHOL 
PRESENT? 
(boiling  POINT 
82°  c.) 

IS  ETHYLENE 

GLYCOL 
PRESENT? 
(BOILING  POINT 

197°  C.) 

IS  GLYCERINE 
PRESENT? 

(boiling  POINT 
290°  c.) 
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RATING 


f.  Main  chemical  compound  in  commercial 
antifreeze.  In  the  table  on  page  224  you  will 
probably  notice  that  most  of  the  antifreezes 
are  made  up  of  more  than  one  compound. 
Sometimes  substances  are  added  as  denatur- 
ants,  as  in  denatured  alcohol;  but  most  of  the 
denatured  alcohol  is  ethyl  alcohol. 

Determine  the  main  compound  in  each  anti¬ 
freeze  by  boiling  a  5  or  10  ml  sample  of  it  in 


a  6-inch  test  tube  with  a  Centigrade  thermom¬ 
eter  placed  in  the  liquid.  Clamp  the  test  tube 
to  the  ringstand. 

Record  the  boiling  point  of  each  antifreeze 
in  the  table.  Compare  your  results  with  the 
boiling  points  given  for  each  of  the  chemical 
compounds  in  the  table  on  page  224.  Then  in¬ 
dicate  the  main  compound  that  you  think  each 
antifreeze  contains. 


BRAND  OF  ANTIFREEZE 

BOILING  POINT 

MAIN  CHEMICAL  COMPOUND  PRESENT 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Give  a  reason  why  antifreezes  should  be  bought  in  sealed  containers. 

teration  with  water  or  other  substances.  Keep  out  contaminatirg  substances. 


2.  Would  it  be  better  to  buy  an  antifreeze  by  its  chemical  name  or  by  a  brand  name? 
Chemical  Explain  Chemical  name  shows  what  you  are  buying.  Brand  name 

does  not  refer  to  chemicals  in  antifreeze  solution. 


SUMMARY  OF  FINDINGS 


To  bring  together  the  results  of  your  experi¬ 
ments  with  commercial  antifreezes,  fill  in  the 
table  on  the  next  page.  Be  very  careful  in 
transferring  your  results  from  the  tables  in 
the  experiments. 

In  the  row  labeled  Cost  you  will  record  the 
price  per  gallon  for  each  degree  Centigrade 
the  freezing  point  is  lowered.  Calculate  this 
by  dividing  the  price  per  gallon  by  5.  (Each 
gallon  of  antifreeze  will  make  five  gallons  of 
20%  solution.)  Then  divide  this  result  by  the 
number  of  degrees  Centigrade  that  the  freez¬ 
ing  point  is  lowered  (the  figure  in  the  second 
row  in  the  table ) .  Record  this  result. 


Now  rate  the  antifreeze  solutions,  giving  1 
to  the  antifreeze  with  the  lowest  price  per  gal¬ 
lon  for  each  degree  the  freezing  point  is  low¬ 
ered,  2  to  the  next,  and  so  on. 

Read  the  label  on  each  container  of  anti¬ 
freeze  to  see  whether  it  will  give  off  poisonous 
fumes.  Record  the  information  briefly  in  the 
table.  Then  rate  non-poisonous  antifreezes  1 
and  poisonous  antifreezes  4. 

When  you  have  finished  recording  your  re¬ 
sults,  add  up  the  rating  points  for  each  anti¬ 
freeze  and  give  it  a  final  rating  number.  The 
best  antifreeze  will  have  the  lowest  score. 
Rate  this  as  1,  the  next  best  as  2,  and  so  on. 
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BRAND  OF  ANTIFREEZE 

FREEZING  TEST 

Lowering  of  F reezing 
Point  in  Degrees  C. 

Rating 

COST 

Price  per  Gallon  for 
Each  Degree  of  Low¬ 
ering 

Rating 

CAPILLARITY  TEST 

Height  in  Mm 

Rating 

POLARITY  TEST 

Good,  Fair,  or  Poor 
Conductor 

Rating 

BOILING  TEST 

Boiling  Point  in 
Degrees  C. 

Rating 

POISONOUS  FUMES 

Information  on 
Container 

Rating 

FINAL  RATING 

Total  Rating  Points 

Rating  Number 

X.  Which  brand  of  antifreeze  is  the  “best  buy”?  (Tfeuallr  denatured  alcohol  brand) 

2.  List  the  characteristics  of  a  desirable  antifreeze.  1.1... . 

fairly  high  boiling  point.  3.  Has  low  capillarity.  4.  Is  non-corrosive  (non¬ 


electrolyte).  5»  Has  no  poisonous  fumes.  6.  Is  not  too  expensive. 
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Protective  Coatings 


"^ave  the  surface  and  you  save  all”  is  one  of  our  well-known  advertising  slogans. 

W  It  is  good  advice,  too,  because  by  protecting  the  surface  the  destruction  caused  by 
rust,  corrosion,  and  decay  is  prevented  or  delayed. 

Since  there  are  such  a  variety  of  surfaces  to  be  protected,  there  must  be  a  variety  of 
coatings.  The  one  most  commonly  used  is  paint.  So  many  different  mixtures  are  called 
paint  that  it  is  impossible  to  list  them  all  here. 

Paints  are  made  not  only  to  cover  wood  and  metals  but  also  glass,  concrete,  leather, 
paper,  and  other  articles  that  do  not  always  need  protection.  The  purpose  of  painting  such 
articles  is  to  add  color  and  beauty. 

Some  metals,  such  as  aluminum,  zinc,  copper,  and  chromium,  form  their  own  protective 
coating  when  exposed  to  air.  If  you  scratch  a  piece  of  aluminum,  such  as  a  pan  or  kettle, 
you  will  see  a  shiny  streak.  This  is  aluminum  without  its  coating.  After  awhile  this  streak 
will  become  dull  as  the  exposed  aluminum  unites  with  the  oxygen  of  the  air  to  form  the 
protective  coating  of  aluminum  oxide.  Iron  and  steel  do  not  act  like  this.  When  exposed 
to  air,  they  will  rust  and  gradually  crumble.  Iron  and  steel  must  therefore  be  protected 
by  using  either  paint  or  some  metal  as  a  coating. 

One  way  of  coating  iron  with  a  metal  is  to  dip  it  into  a  vat  containing  the  molten 
metal.  Zinc  is  sometimes  applied  in  this  way  to  make  galvanized  iron.  Tin  is  similarly 
put  on  the  sheet  iron  used  in  making  “tin”  cans.  However,  most  metal  coatings  are  put 
on  with  electricity.  The  process  is  known  as  electroplating.  Such  metals  as  silver,  chromium, 
copper,  and  nickel  are  commonly  applied  to  other  metals  with  an  electric  current. 
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Some  surfaces  are  protected  and  beautified  with  wax.  Any  hard  surface  will  take  a 
polish.  But  when  it  is  coated  with  a  thin  layer  of  wax  and  rubbed,  the  luster  is  increased. 
Besides  improving  the  appearance,  the  wax  will  protect  the  surface  from  both  water  and 
air.  Automobile  bodies,  floors,  linoleum,  woodwork,  and  furniture  are  some  of  the  articles 
coated  with  this  substance. 

What  kind  of  protection  should  be  given  to  different  surfaces?  How  can  you  decide 
which  is  best  for  a  certain  surface? 


BENDING  GLASS  TUBING 


In  some  of  the  experiments  you  may  have  to 
bend  a  piece  of  glass  tubing  for  use  as  a  deliv¬ 
ery  tube  or  for  other  purposes.  Figure  1  shows 
you  how  to  hold  the  tubing  if  you  have  a  “fish¬ 
tail”  or  wing  top  for  your  Bunsen  burner. 

If  you  do  not  have  one,  hold  the  tubing  as 
shown  in  Figure  2.  Keep  the  tubing  turning  all 


the  time  so  that  it  will  be  heated  evenly.  When 
the  tube  becomes  soft,  let  it  bend  slowly.  With¬ 
out  the  “fishtail”  or  wing  top  you  may  have  to 
heat  the  tube  a  second  or  even  a  third  time  to 
get  a  smooth,  strong  bend. 

For  cutting  and  fire-polishing  glass  tubing, 
see  the  laboratory  help  on  page  190. 


BACK  OF  THIRD  FINGER 
HELPS  SUPPORT  TUBE 


F/GUfiF  /  F/GUFF  2 


2 


A 

SMOOTH. 

STRONG 

BEND 


'(ft, 


J 


WRONG  BEND 
TUBS  WAS 
PROBABLY 
TOO  ROT 


,  REHEAT 
^HERE 
IMMEDIATELY 
AND  FINISH 
BEND 
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SUGGESTIONS  FOR  TEACHING  UNIT  12 


This  unit  explains  the  common  ways  of  protect¬ 
ing  surfaces  from  oxidation  and  corrosion.  Be¬ 
sides  explaining  how  surfaces  may  be  protected, 
the  experiments  show  the  composition  and  com¬ 
parative  value  of  paint,  varnish,  and  shellac. 
There  is  also  an  experiment  showing  how  wax 
emulsions  may  be  prepared  and  a  simple  explana¬ 
tion  and  experiment  on  electroplating. 

OBJECTIVES  OF  THE  UNIT 

1.  To  know  why  surfaces  need  protection  and 
what  materials  may  be  used  to  furnish  the  protec¬ 
tion  (Exp.  55,  56,  57,  58,  59) . 

2.  To  become  acquainted  with  the  common 
types  of  protective  coatings  and  to  know  how  each 
is  applied  (Exp.  55,  56,  57,  58,  59) . 

3.  To  know  what  materials  are  present  in 
paints,  varnishes,  and  shellacs,  and  also  the  pur¬ 
pose  of  each  (Exp.  55,  56,  57) . 

4.  To  be  able  to  test  the  physical  and  chemical 
properties  of  different  paints,  varnishes,  and  shel¬ 
lacs  (Exp.  56,  57) . 

5.  To  understand  the  protective  qualities  of 
wax  emulsions  (Exp.  58) . 

6.  To  understand  the  principles  of  electroplat¬ 
ing  and  to  know  how  to  judge  the  different  kinds 
of  plating  (Exp.  59) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  The  preparation  and  properties  of  a  mixture 
(Exp.  55) . 

2.  The  drying  of  oils  by  oxidation  (Exp.  55) . 

3.  The  effect  of  elasticity  and  size  of  pigment 
particles  on  the  covering  power  and  quality  of 
paints  (Exp.  56) . 

4.  The  effect  of  sulfur  compounds  on  different 
kinds  of  paint  pigments  (Exp.  56) . 

5.  The  effect  of  solvents  on  paints,  varnishes, 
and  shellacs  (Exp.  56,  57) . 

6.  The  emulsification  of  wax  (Exp.  58) . 

7.  Electroplating  of  metals  (Exp.  59) . 

8.  The  effect  of  relative  activity  on  the  deposi¬ 
tion  of  metals  (Exp.  59) . 

HINTS  TO  THE  TEACHER 

Experiment  55.  Be  sure  to  use  only  finely  pow¬ 
dered  zinc  oxide  and  manganese  dioxide.  Have  a 
good  grade  of  raw  linseed  oil  and  turpentine  avail¬ 
able  for  the  students  to  use.  Caution  the  students 
to  cool  the  boiled  linseed  oil  they  prepare  before 
mixing  it  with  the  other  ingredients.  Any  kind  of 
wood  strips  may  be  used  as  long  as  their  surfaces 
are  smooth. 

Stress  the  importance  of  thoroughly  mixing  the 
ingredients  to  get  a  good  quality  paint.  Have  the 


students  secure  your  approval  for  their  paint  sam¬ 
ples.  Check  to  see  that  they  have  cleaned  their 
paint  brushes. 

Experiment  56.  The  three  brands  of  outside 
house  paint  should  be  bought  at  your  local  store. 
The  following  material  should  be  available  for 
student  use  in  the  laboratory:  metal  strips  (any 
kind  of  thin  metal  strips  that  can  be  bent  easily) , 
benzene  to  clean  paint  brushes,  wood  blocks  with 
smooth  surfaces,  and  10%  sodium  sulfide  solution. 

Part  a.  Have  the  students  secure  your  approval 
when  they  have  finished. 

Part  b.  Instruct  the  students  to  stir  the  paint 
and  oil  solvent  for  at  least  five  minutes  to  dissolve 
all  of  the  oil  before  filtering. 

Part  c.  Have  the  students  secure  your  approval. 

Experiment  57.  The  shellac  and  varnish  used  in 
this  experiment  should  be  purchased  at  your  local 
store.  The  following  materials  should  be  avail¬ 
able  for  student  use:  wood  blocks,  benzene,  3% 
sodium  hydroxide  solution,  household  ammonia, 
denatured  alcohol,  methyl  alcohol,  acetone,  and 
amyl  acetate.  The  students  can  use  the  same  ace¬ 
tone  and  amyl  acetate  solutions  for  dipping  all 
their  wood  blocks.  More  brands  may  be  tested  if 
you  assign  different  brands  to  certain  groups. 
Each  group  may  then  exchange  information  about 
the  brands  tested  with  other  groups. 

Experiment  58.  The  following  materials  should 
be  available  for  student  use:  carnauba  wax,  oleic 
acid,  borax,  triethanolamine.  If  the  emulsion  be¬ 
comes  too  thick,  reheat  it  and  stir  in  a  small 
amount  of  hot  water. 

Experiment  59.  Unless  a  large  amount  of  equip¬ 
ment  is  available,  this  experiment  should  be  per¬ 
formed  by  two  or  three  groups  working  together 
while  others  are  doing  different  experiments.  This 
rotation  can  be  continued  until  all  the  members 
of  the  class  have  completed  it.  Check  the  wiring 
and  apparatus  set-up  before  the  students  begin  to 
electroplate. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

15  ml  oleic  acid 

130  ml  acetone 

160  ml  denatured  alcohol 

150  ml  methyl  alcohol 

100  ml  ammonium  hydroxide  (household  am¬ 
monia) 

100  ml  amyl  acetate 
1  pint  benzene 
10  gm  borax 
5  copper  strips 

175  gm  copper  sulfate  crystals 
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2Vz  liters  distilled  water 
Vz  yd.  filter  cloth  (cheese  cloth) 

3  ft.  galvanized  iron  wire 
15  metal  strips 

2.5  gm  manganese  dioxide  (finely  powdered) 
Vz  pint  each,  exterior  house  paint  (3  brands) 
150  ml  linseed  oil,  raw 
35  ml  sulfuric  acid,  dilute 
pint  shellac 

75  gm  nickel  ammonium  sulfate 

5  nickel  strips 

15  gm  sodium  hydroxide  pellets 
10  gm  sodium  sulfide 

6  in.  platinum  wire 
25  ml  triethanolamine 
Vz  pint  turpentine 

V4  pint  varnish 

15  smooth  boards 

70  wood  blocks  (1  in.  by  1  in.) 

125  gm  carnauba  wax 
30  gm  zinc  oxide  (finely  powdered) 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  triple-beam  balance 
20  beakers  (150,  250,  or  400  ml) 

10  Bunsen  burners 
5  camel’s  hair  brushes 
15  evaporating  dishes 
filter  paper 
5  funnels  (3  in.) 

5  10-ml  or  25-ml  graduates 
1  knife 

5  medicine  droppers 
5  pans  for  water  bath 
1  reading  or  magnifying  glass 
10  rings  and  ringstands 


5  spatulas 
5  glass  stirring  rods 

1  storage  battery  (or  dry  cells  or  rectifier) 

3  ft.  cotton-covered  copper  wire  (No.  24) 

10  wire  gauzes 
5  thermometers,  to  650°  F. 

SUGGESTED  PROJECTS 

1.  Preparation  of  colored  metallic  pigments. 

2.  Preparation  of  paints  using  different  drying 
oils,  such  as  soybean  oil,  tung  oil,  etc. 

3.  Preparation  of  paint  removers. 

4.  Preparation  of  different  types  of  polishes, 
such  as  shoe,  leather,  silver,  chromium,  etc. 

5.  Electroplating  wood,  leather,  and  other  non¬ 
conducting  materials. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  State  the  purpose  and  give  an  example  of 
each  of  the  following  ingredients  in  paint:  body 
pigment,  color  pigment,  thinner,  vehicle,  metallic 
dryer,  filler  (extender  or  reinforcing  pigment) . 

2.  What  are  the  characteristics  of  a  good  dry¬ 
ing  oil-paint? 

3.  What  are  the  advantages  and  disadvantages 
of  zinc  oxide  and  white  lead  as  the  pigments  in 
outside  paint? 

4.  Explain  and  discuss  the  relative  disadvan¬ 
tages  of  chalking  and  peeling. 

5.  What  are  the  differences  in  paint,  shellac, 
varnish,  enamel,  and  lacquer? 

6.  How  are  polishes  made?  How  do  they  pro¬ 
tect  a  surface? 

7.  How  are  metallic  surfaces  plated?  Why  are 
surfaces  plated  with  metals? 

8.  How  would  you  clean  a  plated  surface? 
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NAME _ _ _  DATE  PERIOD  RATING 


Experiment  55 


What  does  paint  contain? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


How  are  paints  made?  What  is  the  purpose 
of  each  ingredient  in  paint? 

Perhaps  you  think  of  paint  as  any  covering 
put  on  with  a  brush  or  spray  gun.  But  this  is 
not  the  case.  A  paint,  whether  it  is  gloss  or 
flat  and  whether  it  is  used  for  outside  or  inside 
covering,  is  made  by  mixing  a  finely  powdered 
solid  with  a  liquid  that  will  combine  with  the 
oxygen  of  the  air  to  form  a  firm,  waterproof 
surface. 

The  powdered  solid  is  called  a  pigment. 
Pigments  give  paints  their  color.  They  are 
usually  metal  salts,  such  as  lead  chromate,  or 
metal  hydroxides,  such  as  white  lead.  Most 
of  them  are  prepared  by  chemical  reactions 
and  then  ground  to  a  fine  powder.  Besides 
giving  color,  the  metallic  pigments  give  paints 
body  and  covering  power.  When  the  color  is 
more  important  than  the  covering  power,  lake 
pigments  are  used.  These  are  made  by  impreg¬ 
nating  clay,  such  as  kaolin  or  china  clay,  with 
insoluble  coal-tar  dyes.  The  coal-tar  dyes  give 
more  brilliant  hues  than  the  metallic  pig¬ 
ments  do. 

The  liquid  used  in  paints  is  an  oil,  which  is 
called  the  vehicle,  or  medium.  When  paint 
dries,  the  oil  unites  with  the  oxygen  of  the  air 
to  form  a  firm,  waterproof  surface.  Linseed 
oil,  made  from  flaxseed,  has  always  been  the 
most  important  oil  in  the  paint  industry.  Re¬ 
cently  soybean  oil  and  tung  oil  have  been 
widely  used.  Tung  oil  is  the  drying  oil  used 
in  four-hour  enamels.  These  popular  coatings 
are  really  a  form  of  colored  varnish.  Hemp- 

1.  (a)  What  is  the  formula  of  white  lead? 
b)  Briefly  state  one  of  the  ways  by  which  it  is 


seed  oil  and  perilla-seed  oil  are  occasionally 
used  in  paints.  In  making  paints  for  smoke¬ 
stacks  and  metals  that  will  be  subjected  to 
some  heat,  fish  oil  is  used. 

To  make  a  paint  easier  to  apply  to  a  surface, 
it  is  usually  thinned  with  turpentine  or  some 
similar  liquid  called  a  “thinner.”  The  thinner 
evaporates  as  the  paint  dries.  To  speed  up 
the  drying  process,  chemical  “dryers”  are  also 
added.  These  are  usually  salts  of  manganese 
or  cobalt.  Or  they  may  be  calcium  or  mag¬ 
nesium  soaps,  the  same  kind  of  soap  formed 
when  ordinary  soap  reacts  with  hard  water  to 
form  a  ring  on  the  bathtub. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  589-592 
Chemistry  and  You.  pp.  505,  700-707 
Chemistry  at  Work.  p.  608 
Chemistry  for  Secondary  Schools,  pp.  275, 
434,  503-504 

Chemistry  in  Use.  pp.  383-385,  599-611 
Dynamic  Chemistry,  pp.  470,  489-490,  507, 
510,  570 

First  Book  in  Chemistry,  p.  454 
First  Principles  of  Chemistry,  pp.  599-601, 
604-606 

First  Year  of  Chemistry,  pp.  37,  431 
Modern  Chemistry,  pp.  650-651,  653 
Modern  Everyday  Chemistry,  pp.  94,  407,  417 
Modern-Life  Chemistry,  pp.  573-574 
New  Practical  Chemistry,  pp.  560,  566-568 
New  World  of  Chemistry,  pp.  477-479,  577,  632 

Fb  ( OH  )^ .  2PbC05 

prepared.  (Either  Dutch  Process  or . 


Carter  process ) 
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2.  (a)  What  is  meant  by  a  filler,  extender,  or  reinforcing  pigment? 
paint  to  make  pigment  "go  farther."  Often  considered  adulterant. 


Substance  used  in 


titl  .  •  -x  i  •  •  .  o  Sticks  to  wood,  fills  pores, 

b)  What  is  its  value  in  paints?  . . ... . 

spreading,  saves  extra  coats,  thickens  or  thins pigment. 


keeps  paint  from 


etc . 


c)  Name  some  of  the  substances  commonly  used  for  this  purpose.  9.^7.^.  ST?.® 
barium  sulfate^  barium  carbonate,  silica,  asbestos^  asbestine,  powdered  mar¬ 
ble,  etc. 

3.  Show  by  an  equation  how  the  yellow  pigment  lead  chromate  [PbCrOJ  may  be  prepared 
from  potassium  chromate  [K2Cr04]  and  lead  acetate  [Pb(C2H302)2]. 

KgCrO^  +  Ft^CgH^O^)^  ^^2^3 9?  * 

4.  Why  are  lithopone  and  zinc  oxide  often  used  instead  of  white  lead  in  white  paints? 
affected  by  sulfur  gases  which  turn  white  lead  black.  (Also  lithopone  cheaper. 

Greater  hiding  power.  Zinc  oxide  gives  whiter,  harder  surface.) 


5.  Why  should  only  unsaturated  oils,  such  as  linseed  and  soybean,  be  used  in  paints?  ..9*^7 
these  will  harden  by  combining  with  oxygen.  (Saturated  oils  are  molecular ly 

constructed  so  that  no  element  can  be  added.) 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Powdered  zinc  oxide.  Raw  linseed  oil.  Powdered  manganese  dioxide.  Tur¬ 
pentine. 

apparatus  needed:  Smooth  board.  Graduate.  Balance.  Two  evaporating  dishes.  Ring  and 
ringstand.  Wire  gauze.  Bunsen  burner.  Fahrenheit  thermometer  reading  to  370°  F.  Spatula. 
Brush. 


In  this  experiment  you  are  going  to  prepare 
a  paint  from  raw  materials.  Pay  special  atten¬ 
tion  to  the  purpose  of  each  of  the  ingredients, 
noticing  its  effect  on  the  finished  product. 

Take  a  pinch  of  powdered  zinc  oxide  and 
rub  it  on  a  smooth  board  with  your  finger. 
Notice  how  well  this  dry  pigment  remains  on 
the  board  and  how  well  it  covers. 

Place  about  15  ml  of  raw  linseed  oil  in  an 
evaporating  dish.  Add  about  V2  gram  of  man¬ 


ganese  dioxide  to  the  oil  and  heat  the  mixture 
until  it  reaches  a  temperature  of  370°  F.  While 
the  oil  is  heating,  place  about  3  grams  of  zinc 
oxide  in  another  evaporating  dish.  Add  raw 
linseed  oil  to  the  zinc  oxide  a  drop  at  a  time, 
working  each  drop  into  the  powder  with  a 
spatula  until  a  paste  is  formed. 

Now  add  turpentine  a  drop  at  a  time  until 
you  have  a  smooth-flowing  liquid.  Using  a 
brush,  paint  a  line  of  this  liquid  on  your  test 


230 


NAME 


PERIOD 


board  next  to  the  one  that  you  made  with  the 
dry  zinc  oxide. 

Clean  out  your  evaporating  dish  and  place 
3  more  grams  of  zinc  oxide  in  it.  Now  add  the 
linseed  oil  you  have  boiled  to  the  zinc  oxide, 
a  drop  at  a  time,  just  as  you  did  before.  Again 
thin  with  turpentine  and  paint  a  line  on  your 
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test  board  with  this  mixture.  Set  the  board 
aside  and  allow  it  to  dry  for  at  least  twenty- 
four  hours. 

At  the  end  of  that  time  compare  the  two 
paint  mixtures.  Pay  special  attention  to  the 
coverage  and  smoothness  of  the  two  paints. 
Also  notice  if  they  are  equally  dry. 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Why  must  a  pigment  be  ground  in  oil?  To  Produce  suspension  of  pigment  parti- 
cles  in  oil. 


2.  What  is  the  difference  in  quality  between  a  paint  prepared  with  raw  linseed  oil  and  a 

paint  prepared  with  boiled  linseed  oil?  .Un8aed  ,o11  fco . 

harden. 


3.  State  a  reason  for  adding  manganese  dioxide  to  the  linseed  oil. 
tion  of  linseed  oil.  Manganese  dioxide  is  dryer. 


4.  What  effect  does  turpentine  have  on  paint?  Thtna  paint  and  makea  it  easier  to 
apply  by  increasing  spreading  power . . 


CONSUMER  APPLICATIONS 


1.  If  you  were  going  to  use  a  spray  gun  to  paint  a  building  and  found  that  the  paint  would 
not  flow  through  the  nozzle,  would  you  recommend  adding  thinner  to  the  paint  or  getting  a 

.9  Adding  thinner  Whv?  Thin  coats 

better  than  thick  coat  (dry  faster  and  will  not  peel  so  easily).  Bigger  open¬ 


ing  would  cause  uneven  application. 
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2.  If  you  bought  or  mixed  paint  that  did  not  dry  well,  what  could  you  do  to  improve  the 
drying  quality?  dryer  (8a-^-^s  manganese  or  cobalt  or  calcium  and  magnesium 

soaps ). 

3.  You  are  going  to  paint  the  outside  of  a  building  with  white  paint.  Tell  why  you  would 
or  would  not  use  zinc  oxide  as  a  pigment.  .(**«!“*  ®ny  vary. )  Zinc  oxide  forme  bar* 
white  surface  not  affected  by  sulfur  gases,  but  surface  may  crack  or  peel. 

Also  repainting  is  difficult  because  all  old  paint  must  be  removed. 


4.  Why  is  it  not  advisable  to  paint  a  building  when  it  is  damp?  _ _ _^n_ . . .  °.^ . _ W_00^ 
make  it  impossible  for  paint  to  penetrate.  Paint  will  not  cling  to  surface. 


5.  Tell  why  a  fast-drying  oil,  such  as  tung  oil,  should  not  be  used  in  paints  to  be  put  on 
smokestacks  hardens  by  oxidation.  Heat  of  smokestack  will  carbonize  paint 

before  it  oxidizes.  Paint  will  peel  off. 
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Experiment  56 

How  can  you  test  the  quality  of  paint? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  all  paints  equally  good?  Do  they  all 
protect  a  surface  equally  well? 

The  purpose  of  any  paint  is  to  form  a  cover¬ 
ing  that  will  protect  a  surface.  Weather,  with 
its  sun,  wind,  rain,  and  frost,  has  a  wearing 
effect  that  outside  paints  must  withstand.  The 
oxygen  of  the  air,  which  causes  rusting  and 
rotting,  will  gradually  break  down  both  inside 
and  outside  paints.  Gases,  such  as  sulfur  diox¬ 
ide,  that  escape  from  smokestacks  and  chim¬ 
neys  will  attack  paint.  What  qualities  should 
a  paint  have  to  resist  weather  and  chemical 
action? 

The  action  of  weather,  with  alternating  heat 
and  cold,  requires  that  a  good  paint  be  elastic. 
If  a  paint  cannot  expand  and  contract  with 
changes  in  temperature,  it  will  peel  and  crack. 
As  soon  as  this  takes  place,  a  paint  has  lost  its 
effectiveness  as  a  protective  covering. 

A  paint  must  also  have  body  and  covering 
power.  Not  all  pigments  have  the  same  body. 
The  covering  power  of  the  best  pigments  can 
be  lessened  by  using  too  much  oil  or  thinner. 
It  is  true  that  a  greater  area  can  be  covered 
if  more  oil  or  thinner  is  used,  but  the  quality 
of  the  covering  will  be  proportionately  de¬ 
creased. 

The  size  of  the  pigment  particles  is  also  im¬ 
portant.  If  the  pigment  is  ground  fine,  it  will 
make  a  smoother  and  better  covering  paint 
than  if  the  particles  are  ground  coarse. 


The  difference  in  value  of  many  paints  is  in 
the  size  of  the  pigment  particles.  It  takes 
longer  and  costs  more  to  produce  a  fine  par¬ 
ticle  than  a  coarse  particle. 

As  paints  are  exposed  to  weather,  they  will 
undergo  natural  wear.  Some  paints  are  said 
to  “chalk.”  The  pigment  particles  separate 
from  the  oil.  As  long  as  these  fine  particles 
are  left  on  the  surface,  they  will  act  as  a  pro¬ 
tective  coating.  But  if  you  rub  your  hand  or 
some  object  over  the  surface,  fine  pigment 
particles  will  be  brushed  off.  Some  paints  will 
chip  and  peel,  thus  exposing  the  surface. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  589-592 
Chemistry  and  You.  pp.  505,  700,  727 
Chemistry  at  Work.  p.  608 
Chemistry  for  Secondary  Schools,  pp.  275, 

434,  503-504 

Chemistry  in  Use.  pp.  599-611 
Dynamic  Chemistry,  pp.  489-490,  507-510 
First  Book  in  Chemistry,  p.  454 
First  Principles  of  Chemistry,  pp.  600-601 
First  Year  of  Chemistry,  pp.  37,  431 
Modern  Chemistry,  pp.  650-651,  653 
Modern  Everyday  Chemistry,  pp.  94,  407,  417 
Modern-Life  Chemistry,  pp.  573-574 
New  Practical  Chemistry,  pp.  566-568 
New  World  of  Chemistry,  pp.  477-479,  577,  632 


1.  (a)  Name  a  paint  pigment  that  will  change  color  because  of  the  sulfur  compounds  in 

.  .  White  lead,  litharge  (yellow  lead  oxide) 

the  air .  - - - - - - 

b)  What  pigments  are  used  in  place  of  it  that  will  not  change  color? 
pone,  titanium  oxide 

2.  What  ingredient  in  paint  furnishes  elasticity?  . 

.  .  .  Thin  first  coat  of  paint  (contains  much  turpen- 

3.  (a)  What  is  a  priming  coat?  . 

tine  or  other  thinner). 
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b)  Why  is  it  used?  Penetrates  wood  and  fills  pores . 
other  coats. 


Saves  expensive  pigment  in 


4.  (a)  Explain  the  difference  between  chalking  and  peeling.  _ .°T. 

turn  to  powder.  Bard  surfaces  peel  or  cone  off  in  big  flakes. 


b)  Which  is  worse? 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Benzene.  Three  brands  of  paint.  Oil  solvent  (made  by  mixing  25  ml  of 
benzene,  20  ml  of  methyl  alcohol,  and  5  ml  of  acetone).  Three  thin  metal  strips  about  1  inch 
by  6  inches.  Three  wooden  boards,  about  4  inches  by  12  inches,  painted  white  with  a  3-inch 
black  stripe  crossing  the  board.  10%  solution  of  sodium  sulfide. 

apparatus  needed:  Camel’s  hair  brush  or  other  fine  paint  brush.  Penknife  or  other  sharp 
pointed  instrument.  Reading  glass.  Graduate.  150  ml  beaker.  Funnel.  Filter  paper.  Three 
250  ml  beakers.  Glass  stirring  rod.  Triple-beam  balance.  Three  evaporating  dishes. 


In  this  experiment  you  are  going  to  test  and 
compare  different  samples  of  paint,  noticing 
the  elasticity,  the  size  of  the  pigment  particles, 
the  covering  power  of  each  sample,  and  their 
reactions  with  sulfur  compounds.  Before 
making  any  tests,  be  sure  that  the  paint  is 
thoroughly  mixed.  After  each  painting,  clean 
your  brush  thoroughly  with  benzene. 
a.  Testing  elasticity.  Paint  one  side  of  each  of 
the  metal  strips,  using  a  different  paint  for 
each  strip.  Label  each  strip  with  your  name 
and  the  brand  of  paint  used.  Set  the  strips 
aside  to  dry  until  the  next  laboratory  period. 
Then  go  ahead  with  Part  b  of  the  experiment. 

When  the  paint  is  dry,  scratch  the  painted 
surface  of  each  strip  with  a  penknife  or  some 
other  sharp  pointed  instrument.  Examine 
each  scratch  with  a  strong  reading  glass.  If 
the  paint  is  elastic,  the  scratch  will  show  clear- 
cut  edges.  But  if  the  paint  is  brittle,  the  edges 
will  be  broken  and  ragged. 

Now  bend  each  of  the  metal  strips.  A  paint 
that  is  elastic  will  stretch  with  the  metal,  while 
a  non-elastic  paint  will  chip  and  peel.  Rate 
your  most  elastic  paint  as  1  and  so  on  for  the 
other  two.  Record  your  ratings  in  the  table. 
Save  the  strips  for  Part  d. 


b.  Comparing  size  of  pigment  particles.  To 
determine  the  particle  size,  you  must  first 
separate  the  pigment  from  the  oil.  Do  this  by 
placing  about  5  grams  of  one  of  your  paints  in 
a  150  ml  beaker.  Add  15  to  20  ml  of  oil  solvent 
and  stir  vigorously. 

Then  pour  the  mixture  through  a  filter.  The 
pigment  will  be  left  on  the  filter  paper  and 
may  still  have  some  oil  in  it.  Wash  the  pig¬ 
ment  on  the  filter  with  two  or  three  5  ml  por¬ 
tions  of  oil  solvent.  When  the  pigment  is 
completely  free  of  oil,  scrape  it  off  the  filter 
paper  into  a  250  ml  beaker  and  cover  it  with 
100  ml  of  water. 

Repeat  this  process  with  each  of  your  other 
paint  samples.  You  will  now  have  three  beak¬ 
ers,  each  containing  a  pigment  and  the  same 
amount  of  water.  Stir  each  of  them  with  a 
glass  stirring  rod  until  the  pigment  is  dis¬ 
persed  through  the  water.  Then  allow  them  to 
stand. 

The  pigment  that  settles  first  will  be  the 
one  that  has  the  largest  particles.  Rate  each 
of  your  paints  as  to  the  particle  size  of  the 
pigments.  The  finest  particles  should  be  rated 
as  1  and  so  on  for  the  others.  Record  your 
ratings  in  the  table. 
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RATING 


c.  Testing  coverage.  To  compare  the  quality 
and  quantity  of  coverage  of  each  of  your  sam¬ 
ples,  you  must  use  the  same  amount  of  paint 
for  each  sample  and  cover  similar  surfaces. 

Weigh  out  2  grams  of  each  brand  of  paint 
into  labeled  evaporating  dishes.  Using  a 
camel’s  hair  brush  or  a  very  fine  paint  brush, 
spread  each  sample  of  paint  on  separate  test 
boards.  In  each  case  try  to  cover  the  black 
line.  Allow  the  paint  to  dry. 

Then  compare  the  amount  of  surface  cov¬ 
ered  as  well  as  the  quality  of  covering  for  each 
of  your  samples.  Rate  each  paint,  giving  the 
paint  showing  the  best  coverage  a  rating  of  1 


and  so  on  for  the  others.  Record  your  ratings 
in  the  table. 

d.  Reaction  with  sulfur  compounds.  Some 
paints  contain  metallic  pigments  that  will  re¬ 
act  with  sulfur  compounds  in  the  air.  Lead 
pigments  will  change  color.  White  lead  will 
form  black  lead  sulfide. 

Put  about  25  ml  of  the  sodium  sulfide  solu¬ 
tion  in  a  beaker.  Dip  the  painted  metal  strips 
used  in  Part  a  into  the  solution  and  let  them 
stand  there  for  a  few  minutes.  Notice  any 
color  change  that  takes  place  in  the  paints.  The 
paint  that  changes  least  should  be  rated  as  1 
and  so  on  for  the  others.  Record  your  ratings. 


BRAND  OF  PAINT 

ELASTICITY 

RATING 

PIGMENT  SIZE 

RATING 

COVERAGE 

RATING 

SULFUR  REACTION 

RATING 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Which  one  of  the  paints  you  tested  would  you  prefer  to  use  on  an  outside  wall?  . 

(Answers  will  vary.  )  Why?  (^easons  should  include  resistance  to  sulfur 

« 

gases,  good  coverage,  elasticity,  fine  pigrasnt  particles.) 


2.  If  the  prices  were  the  same,  which  one  would  you  buy?  _ 0 . .  ?!  ."L .  1 . 

(Reasons  should  include  superior  ratings  on  tests.) 


Give  your  reasons. 


3.  In  what  ways  should  outside  paints  differ  from  inside  paints?  ..®  ™SAic  . 

cause  of  alternating  heat  and  cold,  wetness  and  drjmess.  Also  resist  sulfur 

gases  if  white. 

4.  What  relationship  exists  between  particle  size  of  the  pigment  and  the  coverage  of  the 

paint?  S^11®1*  Particles,  fiP^ter_cowag6_. 
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5.  How  will  the  addition  of  linseed  oil  and  turpentine  affect  the  covering  power  of  a  paint? 
Paint  will  go  farther  "but  covering  power  will  he  decreased. 


CONSUMER  APPLICATIONS 

1.  You  wish  to  have  a  building  painted  on  the  outside.  The  best  quality  of  paint  will  cost 
$50.  Another  quality  costs  $30.  The  cost  of  application  ($200)  is  the  same.  Which  would  you 

choose?  Best  ($50)  Why?  Coot  of  application  most  expensive  part  of  job. 

Using  cheaper  paint  saves  only  8$.  Whole  job  may  have  to  be  done  over  in  few 
years . 


2.  If  a  paint  is  poor  in  elasticity,  what  can  you  do  to  improve  it?  .^4..®???...™.^...^?..™.!!... 
hide  for  pigment. 

3.  What  characteristics  should  you  look  for  in  selecting  a  paint? 

cles.  Good  coverage  and  elasticity.  Resistance  to  sulfur  gases,  etc.  Low 

cost. 


4.  State  some  questions  that  you  should  ask  a  salesman  before  buying  paint. 
may  vary.  )  1.  What  is  the  covering  power?  2.  What  kinds  of  pigment  and  ve¬ 

hicle  are  used?  Will  paint  chalk  off?  k.  Will  it  peel?  p,  Will  paint 
fade  or  blacken?  6.  Does  it  need  a  priming  coat?  7*  Will  old  paint  "bleed" 


through?  8.  How  much  oil  or  turpentine  must  be  added? 
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Experiment  57 

How  do  shellac  and  varnish  differ? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“Are  you  going  to  cover  that  with  shellac 
or  varnish?”  “What’s  the  difference?” 

Shellac  and  varnish  are  both  made  from 
mixtures  of  resins  and  gums.  The  resin  used 
may  be  either  natural  or  synthetic.  Many 
trees  of  the  Orient,  especially  East  India,  are 
infected  with  a  fungous  growth  and  secrete  a 
resinous  sap.  This  sap  is  the  source  of  natural 
resins.  Not  only  are  resins  obtained  from  the 
sap  of  living  trees,  but  large  quantities  of  fos¬ 
sil  resins  are  used.  These  were  produced  by 
trees  now  extinct.  In  these  the  oils  have  evap¬ 
orated,  and  the  resin  is  very  hard.  Lac,  also 
used  in  making  protective  coatings,  is  secreted 
by  scale  insects. 

Synthetic  resins  are  made  in  many  ways. 
They  are  very  closely  related  to  the  modern 
plastics.  The  first  synthetic  resin  was  bake- 
lite,  made  by  heating  a  mixture  of  carbolic  acid 
and  formaldehyde.  Besides  that,  there  are 
resins  made  from  glycerine,  phthallic  acid,  al¬ 
cohols,  glycol,  vinyl  acetate,  chlorinated  rub¬ 
ber,  and  many  other  substances. 

When  a  resin  is  dissolved  in  a  drying  oil,  the 
mixture  formed  is  known  as  varnish.  When 
wood  alcohol  (methyl  alcohol  or  methanol)  is 
used  instead  of  oil,  shellac  is  produced.  Since 
both  varnish  and  paint  are  made  with  a  drying 
oil,  their  chief  difference  is  in  the  final  appear- 

1.  Explain  how  shellac  and  varnish  protect  a 


ance.  Varnish  is  transparent,  while  paint  is 
always  opaque. 

Lacquers  are  very  closely  related  to  shellac. 
They  are  used  on  automobile  bodies  because 
they  are  not  affected  by  weather,  dust,  oil,  or 
the  acids  and  alkalies  in  polishes  and  cleaning 
compounds.  A  good  lacquer  consists  of  a  form 
of  nitrocellulose  called  pyroxylin.  A  solvent, 
such  as  ethyl  acetate  or  butyl  acetate,  is  used 
with  a  resin,  a  plasticizer  or  non-drying  oil, 
and  a  pigment  to  make  the  lacquer. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  592-595 

Chemistry  and  You.  pp.  708-710 

Chemistry  at  Work.  pp.  464-465,  608-609 

Chemistry  for  Secondary  Schools,  pp.  555-556 

Chemistry  in  Use.  pp.  383,  599-601 

Dynamic  Chemistry,  pp.  511-515 

First  Book  in  Chemistry,  p.  534 

First  Principles  of  Chemistry,  pp.  600-601,  690 

First  Year  of  Chemistry,  p.  536 

Modern  Chemistry,  pp.  722-724 

Modern  Everyday  Chemistry,  pp.  281-282, 

417-418 

Modern-Life  Chemistry,  pp.  398,  578-579 
New  Practical  Chemistry,  pp.  462,  567 
New  World  of  Chemistry,  pp.  577-578,  632 

surface  Form  kar<i>  waterproof  surface. 


Surface  keeps  out  water  and  resists  wear. 


2.  What  kinds  of  surfaces  are  usually  protected  with  varnish  and  shellac?  . 

(furniture,  woodwork,  floors,  etc.)  Shellac  also  used .  on :,^tel^and_paper.__ 
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0  tt  j  u  n  j  •  i  j •  rr  r  .  ,9  Resins  and  gums  dissolved  in 

3.  How  do  shellac  and  varnish  diner  from  paint?  . R . 

solvent  (drying  oil  for  varnish,  wood  alcohol  for  shellac).  Varnish  somewhat 
like  paint. 

,  r  Form  hard,  transparent, 

4.  Give  reasons  for  using  varnish  and  shellac  instead  of  paint . . . . . 

waterproof  surface.  Wood  grain  can  he  seen  through  shellac  or  varnish. 


5.  Tell  briefly  how  pyroxylin  is  made  and  how  it  is  used  in  making  lacquers.  P.9^.9?.. 


nitrated  and  then  dissolved  in  acetone  or  amyl  acetate. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Fourteen  wooden  blocks  one  or  two  inches  square.  One  brand  of  varnish. 
One  brand  of  shellac.  Benzene.  3%  sodium  hydroxide  solution.  Household  ammonia.  Dena¬ 
tured  alcohol.  Methyl  alcohol  (wood  alcohol).  Acetone.  Amyl  acetate  (banana  oil).  Cloth. 
apparatus  needed:  Medicine  dropper.  Bunsen  burner.  Brush.  Ring  and  ringstand.  400  ml 
beaker  or  pan.  Wire  gauze. 


In  this  experiment  you  will  compare  varnish 
and  shellac.  Using  a  brush,  apply  one  coat  of 
varnish  to  seven  wooden  blocks.  Then  after 
cleaning  the  brush  with  benzene,  apply  one 
coat  of  shellac  to  seven  similar  blocks.  Allow 
all  the  blocks  to  dry  before  proceeding  with 
the  experiment.  After  each  test  notice  if  the 
finish  has  been  marred,  dissolved,  or  dulled. 

a.  Alkali  test.  Place  a  few  drops  of  3%  solu¬ 
tion  of  sodium  hydroxide  on  one  varnish  block 
and  on  one  shellac  block.  After  thirty  minutes 
wash  off  the  sodium  hydroxide  with  water,  dry 
the  blocks  with  a  cloth,  and  compare  the  fin¬ 
ishes. 

Repeat  the  test,  using  household  ammonia 
instead  of  sodium  hydroxide. 

b.  Hot-water  test.  Heat  some  water  to  boiling 
in  your  400  ml  beaker  or  pan.  Place  one  var¬ 
nish  block  and  one  shellac  block  in  the  water 


and  allow  them  to  remain  there  for  ten  min¬ 
utes.  Remove,  dry,  and  notice  any  change. 
Record  your  results  in  the  table. 

c.  Alcohol  test.  Place  a  few  drops  of  dena¬ 
tured  alcohol  on  one  varnish  block  and  one 
shellac  block.  After  five  minutes  wash  off  the 
alcohol  with  water  and  rub  the  blocks  dry  with 
a  cloth.  Examine  the  surface  and  notice  any 
changes.  Record  your  results  in  the  table. 

Repeat  the  test,  using  methyl  alcohol  in¬ 
stead  of  denatured  alcohol. 

d.  Solvent  test.  Cover  one  varnish  block  and 
one  shellac  block  with  acetone.  After  five 
minutes  wash  the  blocks  with  water  and  rub 
dry  with  a  cloth.  Examine  the  surface  of  each 
and  notice  any  changes.  Record  your  results 
in  the  table. 

Repeat  the  test,  using  amyl  acetate  instead 
of  acetone. 
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TEST 

VARNISH 

SHELLAC 

Sodium  hydroxide 

Household  ammonia 

Hot  water 

Denatured  alcohol 

Methyl  alcohol 

Acetone 

Amyl  acetate 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  What  kinds  of  surfaces  should  be  covered  with  shellac?  . 

subjected  to  alcohol,  acetone,  or  amyl  acetate,  to  alkalis,  to  severe  tempera¬ 


ture  changes. 

b)  With  varnish?  Surfaces  not  to  be  subjected  to  «NNfc  acetone  and  amyl  acetate  or 
alkalis . 


2.  How  does  the  drying  of  shellac  differ  from  the  drying  of  varnish? 

evaporation  of  methyl  alcohol  solvent.  Varnish  dries  by  oxidation  of  oil  ve 

hide  (unsaturated  oil). 


3.  (a)  What  substances  will  remove  varnish  from  wood? 

hydroxide . . 


JO  Acetone,  amyl  acetate,  methyl  alcohol,  denatured  alcohol, 

b)  Shellac  from  wood?  . . 

sodium  hydroxide  . 
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CONSUMER  APPLICATIONS 

1.  If  you  were  going  to  brush  a  protective  coating  on  a  lady’s  dressing  table,  would  you 

,  ,  77  .7  .,i  o  Neither  ,xri  Some  cosmetics  contain 

recommend  shellac,  varnish,  or  neither i .  Why?  . 

substances  that  will  dissolve  both  shellac  and  varnish.  (Fingernail  polish, 
polish  remover,  perfumes,  and  toilet  water  usually  contain  either  amyl  acetatey 
acetone,  or  alcohol.) 

2.  Would  shellac  or  varnish  be  better  for  coating  a  kitchen  table  with  a  wood  top  where  pans 

and  hot  water  come  in  contact  with  the  surface?  _ .  Give  reasons  for  your 

choice  ^ore  waterproof  than  shellac.  Will  not  discolor  so  easily. 


3.  What  type  of  cleanser  should  you  avoid  if  you  wish  to  preserve  a  shellac  or  varnish 
finish?  Alkaline (strong  soaP>  water  softener,  etc^  Also  scouring  powder. 


4.  What  solvents  could  be  used  to  remove  shellac  or  varnish  from  furniture  that  is  to  be 
refinished?  Aoetons,  anijl  acetate . 


5.  List  some  advantages  that  lacquers  have  over  shellac  and  varnish.  aster,  g  VB 

harder  surface,  are  more  elastic.  Will  take  a  higher  polish.  Resist  wear 

better . 
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Experiment  58 


How  do  polishes  protect  a  surface? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Do  all  polishes  furnish  a  protective  coating? 
Is  there  any  difference  between  furniture  pol¬ 
ish  and  metal  polish? 

After  a  wooden  surface  has  been  covered 
with  varnish  or  shellac,  it  is  often  coated  with 
a  polish.  Metals,  such  as  silver,  copper,  and 
brass,  are  often  polished  to  make  them  shine. 

The  ability  of  any  polish  to  protect  a  surface 
depends  on  the  materials  it  contains.  Unless 
some  substance  is  left  on  the  surface  after  the 
polish  has  been  applied,  there  will  be  no  pro¬ 
tection.  Some  type  of  wax  is  the  material  most 
commonly  used  to  give  this  protection. 

Different  kinds  of  wax,  such  as  ceresin, 
beeswax,  and  carnauba,  are  the  ones  most 
commonly  used  in  preparing  a  wax  polish. 
Ceresin  is  a  mineral  wax.  Beeswax  comes 
from  an  insect.  Carnauba  is  obtained  from  a 
Brazilian  palm  tree.  Of  these,  carnauba  gives 
the  hardest  surface  and  therefore  the  best  ap¬ 
pearance.  It  is  also  the  most  expensive. 

Furniture  polishes  contain  cleansers,  such 
as  ammonium  hydroxide,  kerosene,  or  water 
softeners.  But  the  actual  protection  is  pro¬ 
duced  only  by  wax.  The  wax  must  be  spread 
evenly  over  the  surface  to  make  it  effective. 
To  be  spread  easily,  the  wax  is  made  into  an 
emulsion,  either  as  a  paste  or  as  a  liquid. 

Such  surfaces  as  linoleum  are  protected 
very  effectively  with  a  wax  polish.  However, 
if  this  polish  is  very  soluble  in  water,  it  will 
have  to  be  put  on  often  because  the  wax  will 


be  washed  off  every  time  that  the  linoleum  is 
scrubbed. 

Metal  polishes  usually  contain  a  cleanser 
that  will  dissolve  grease.  To  produce  a  shiny 
surface,  the  metal  must  actually  be  scratched 
by  an  abrasive.  If  you  were  to  examine  a  pol¬ 
ished  metal  surface  with  a  microscope,  you 
would  find  very  fine  lines  caused  by  the 
scratching  of  the  polish.  Since  not  all  metals 
are  equally  hard,  not  all  of  them  should  be 
treated  with  the  same  polish.  Silver,  gold,  and 
copper  are  softer  than  nickel  and  much  softer 
than  chromium.  The  abrasive  used  in  a  chro¬ 
mium  polish  should  be  harder  than  one  used 
in  a  silver  polish. 

Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  582-583 
Chemistry  and  You.  pp.  276,  725 
Chemistry  at  Work.  pp.  595-596 
Chemistry  for  Secondary  Schools,  p.  508 
Chemistry  in  Use.  pp.  381-382,  389-393 
Dynamic  Chemistry,  pp.  537,  539 
First  Book  in  Chemistry,  p.  364 
First  Principles  of  Chemistry,  pp.  220-221, 

581,  624 

First  Year  of  Chemistry,  pp.  219,  460 
Modern  Chemistry,  pp.  384,  631 
Modern-Life  Chemistry,  p.  547 
New  Practical  Chemistry,  p.  546 
New  World  of  Chemistry,  p.  469 


1. 


What  should  be  the  main  purpose  of  a  furniture  polish? 


Protect  surface  while 


beautifying  it. 

2.  Tell  what  would  happen  if  a  wax  polish  were  entirely  soluble  in  water.  Would...watie.r 


spot  and  wash  off  easily. . 

3.  State  the  effect  that  a  coarse  abrasive  will  have  on  gold  and  silver. 


remove  surface. 
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4.  What  compound  and  elements  will  cause  silver  to  tarnish?  sul¬ 

fur  are  most  common.  Halogens  such  as  chlorine,  "bromine, and  iodine  will  also 

attack  silver. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Carnauba  wax.  Oleic  acid.  Borax.  Triethanolamine. 

apparatus  needed:  Balance.  400  ml  beaker.  250  ml  beaker.  Two  rings  and  ringstand.  Pan 

for  water  bath.  Two  Bunsen  burners.  Wire  gauze.  Glass  stirring  rod.  Filter  cloth.  Cloth. 


To  learn  what  furniture  polish  contains,  you 
will  prepare  a  wax  emulsion  in  this  experi¬ 
ment.  First,  you  must  break  down  the  wax 
molecules  into  small  particles  and  then  coat 
them  with  an  emulsifying  agent. 

Weigh  out  25  grams  of  carnauba  wax  and  3 
grams  of  oleic  acid  into  a  400  ml  beaker.  Place 
it  on  a  water  bath  and  heat  until  the  wax  is 
melted.  While  this  is  heating,  weigh  out  200 
grams  of  water,  2  grams  of  borax,  and  5  grams 
of  triethanolamine  into  a  250  ml  beaker  and 
heat  on  a  wire  gauze  on  the  ring  of  a  ringstand 


until  the  water  starts  to  boil.  Pour  this  water 
solution  carefully,  a  little  at  a  time,  into  the 
melted  wax.  Stir  with  a  glass  rod  as  you  are 
adding  the  water.  If  the  water  is  added  slowly 
enough,  the  polish  will  contain  no  lumps  but 
will  be  a  smooth,  translucent  emulsion.  If  it 
contains  any  large  particles,  cool  your  mix¬ 
ture  and  pour  it  through  the  filter  cloth. 

Place  a  small  amount  of  this  polish  on  a 
desk  top  and  rub  briskly  with  a  cloth.  Then 
place  a  few  drops  of  water  on  top  of  the  desk 
and  notice  what  happens. 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  ingredient  in  the  polish  furnishes  protection  to  the  surface?  .....7 T. . 

2.  Name  the  emulsifying  agent  in  the  polish  you  made.  . 

CONSUMER  APPLICATIONS 

1.  Give  a  reason  for  using  a  water-insoluble  polish  on  wood  surfaces. 

vash  off  easily.  Surface  will  not  waterspot. 

2.  Should  a  waxed  linoleum  surface  be  cleaned  with  soap  and  water  or  an  oil  mop? 

mop  Why*7  SoaP  ar*i  water  will  remove  wax,  leaving 

linoleim  unprotected. 

3.  A  metal  polish  is  sold  as  being  equally  effective  on  all  metal  surfaces.  Would  you  recom¬ 
mend  it  for  polishing  both  silver  and  chromium?  .  Why?  . 

silver.  If  polish  works  on  chromium,  it  will  scratch  and  damage  silver. 
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Experiment  59 

How  are  metals  electroplated? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Why  are  some  metals  coated  with  other 
metals?  How  is  it  possible  to  use  an  electric 
current  to  make  one  metal  stick  to  another 
metal? 

Such  metals  as  silver,  copper,  and  nickel  are 
often  used  to  coat  other  metals,  especially  iron 
and  iron  alloys.  Tableware,  such  as  knives, 
forks,  and  spoons,  is  often  coated  with  silver 
to  reduce  the  cost.  Sterling  silver  would  be 
too  expensive  for  general  use.  Nickel  and  cop¬ 
per  are  used  to  coat  metals  because  they  do  not 
corrode  or  rust  very  easily.  Copper  to  be  used 
in  electrical  work  is  purified  by  electroplating 
so  that  it  will  conduct  a  current  better. 

The  metal  or  object  to  be  coated  is  connected 
to  the  negative  electrode.  The  coating  metal, 
in  the  form  of  a  soluble  salt,  forms  the  con¬ 
ducting  solution  and  may  sometimes  be  used 
as  the  positive  electrode. 

Industrially,  cyanide  salts  are  most  com¬ 
monly  used  as  plating  “baths.’’  But  since  these 
salts  are  very  poisonous,  they  should  not  be 
used  in  a  school  laboratory.  Most  of  the  cya¬ 
nide  salts  form  complex  ions  (electrically 
charged  particles)  that  give  a  smooth  coating 
when  electroplated.  The  ordinary  copper  ion 
has  a  tendency  to  form  a  spongy  surface.  The 
complex  copper  ammonium  ion  does  not  do 
this.  Silver  is  also  coated  from  a  complex  sil¬ 
ver  ion  to  prevent  the  formation  of  coarse 
grains. 


If  metals  have  a  tendency  to  alloy,  they  will 
plate  easily.  The  opposite  is  also  true.  It  is 
hard  to  plate  nickel  on  tin  or  lead  because 
nickel  does  not  alloy  with  either  of  these 
metals  very  readily.  To  overcome  this  diffi¬ 
culty,  tin  and  lead  are  first  coated  with  copper 
before  the  nickel  is  applied. 

Before  doing  the  experiment,  refer  to  your 
chemistry  book.  Then  answer  the  questions. 
Chemistry  and  Its  Wonders,  pp.  66,  215,  219 
Chemistry  and  You.  p.  223 
Chemistry  at  Work.  pp.  74,  253,  255,  260,  275, 
503-504,  616 

Chemistry  for  Secondary  Schools,  pp.  25,  202, 
509,  515,  522 

Chemistry  in  Use.  pp.  39,  227,  231,  321,  387 
Dynamic  Chemistry,  pp.  197-198,  582-584 
First  Book  in  Chemistry,  pp.  50,  108,  207-208, 
213,  358,  417 

First  Principles  of  Chemistry,  pp.  258,  588, 
602,  624,  626,  639 

First  Year  of  Chemistry,  pp.  31,  49,  149,  251, 
255-256 

Modern  Chemistry,  pp.  34,  349,  408,  495-497 
Modern  Everyday  Chemistry,  pp.  113-115, 
255,  418-419 

Modern-Life  Chemistry,  pp.  187,  197-198,  200- 
201,  516 

New  Practical  Chemistry,  pp.  526-527 
New  World  of  Chemistry,  pp.  454-456,  466- 
467,  469,  472 


1.  Why  must  a  direct  current  rather  than  an  alternating  current  be  used  in  electroplating? 

No  metal  plated  with  alternating  current.  As  current  reverses,  metal  unplated 

as  fast  as  it  was  plated. 


2.  What  happens  to  a  salt  when  it  dissolves?  Will  ionize,  that  is,  for*  electrical- 
ly  charged  particles.  (Non-polar  salts  do  not  ionize.) 
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3.  (a)  Why  must  the  material  to  be  coated  be  free  from  grease  and  oxides? 


will  not  cling  to  grease  or  oxides. 


(and  organic 

,*  Tm.  x  u  •  i  -n  o  Sodium  and  potassium  hydroxides  solvents) 

o)  What  chemicals  will  remove  grease?  . . . . 7?. . . . . 

(and  acid 

c)  What  chemicals  will  remove  oxides?  ^:c. . 9_CA^:S  _  _  „  8a 1 . 

EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Nickel  ammonium  sulfate.  Distilled  water.  Platinum  coil  or  wire.  Cop¬ 
per  strips.  Copper  sulfate.  Sulfuric  acid.  Denatured  alcohol.  Nickel  strip.  Galvanized  iron 
wire.  Cloth. 

apparatus  needed:  Balance.  Graduate.  400  ml  beaker.  Storage  battery  or  dry  cells.  (You 
can  use  an  alternating  current  if  you  have  a  rectifier.)  Copper  wire. 


In  this  experiment  you  are  going  to  electro¬ 
plate  nickel  and  copper  and  also  determine 
how  much  coating  there  is  on  galvanized  iron. 
Be  sure  that  all  of  your  beakers,  electrodes, 
and  equipment  are  clean  and  free  from  any 
grease  or  oxides. 

GLASS 


a.  Electroplating  nickel  on  copper.  Prepare  a 
plating  solution  or  “bath”  by  dissolving  15 
grams  of  nickel  ammonium  sulfate  in  250  ml 
of  distilled  water  in  your  400  ml  beaker.  Con¬ 
nect  the  platinum  coil  or  wire  to  the  positive 
pole  of  the  battery  and  a  copper  strip  to  the 
negative  pole.  Place  these  in  the  beaker. 
Examine  your  strip  at  intervals  to  see  how 
your  coating  is  progressing.  Permit  the  cur¬ 
rent  to  flow  until  you  secure  a  smooth,  coher¬ 
ent  deposit  of  nickel  on  the  copper  strip. 

Show  your  strip  to  your  instructor  for  his 
approval.  Approved . 


b.  Electroplating  copper  on  nickel.  Clean  your 
equipment  again.  Attach  a  copper  strip  to  the 
positive  pole  of  the  battery  and  a  nickel  strip 
to  the  negative  pole.  Make  up  plating  solution 
by  dissolving  35  grams  of  copper  sulfate,  7  ml 
of  sulfuric  acid,  12  ml  of  denatured  alcohol  in 
250  ml  of  distilled  water  in  your  400  ml  beaker. 
Permit  the  current  to  flow  until  you  secure 
a  smooth,  coherent  deposit  of  copper  on  the 
nickel  strip.  Save  the  solution  for  the  next 
part  of  the  experiment. 

Show  your  strip  to  your  instructor  for  his 
approval.  Approved . 

c.  Testing  galvanized  wire.  Galvanized  wire 
is  ordinary  iron  wire  coated  with  zinc  to  keep 
the  iron  from  rusting.  The  wearing  ability  of 
the  iron  wire  depends  on  the  amount  of  zinc 
coating. 

Dip  a  piece  of  galvanized  wire  into  the  solu¬ 
tion  left  from  the  electroplating  of  copper  on 
nickel.  Allow  it  to  remain  there  for  one  min¬ 
ute.  Then  remove  it  and  wipe  the  wire  with 
a  cloth. 

Return  the  wire  to  the  solution  for  an¬ 
other  minute.  Take  it  out  and  wipe  it  again. 
Give  the  wire  four  of  these  one-minute  baths. 
If  at  the  end  of  that  time  the  wire  is  black,  the 
zinc  coating  is  heavy  enough  to  be  rated  as 
good  quality.  If  the  wire  shows  copper  color¬ 
ing,  the  zinc  coating  is  so  thin  that  it  will  soon 
wear  away. 

Show  the  wire  to  your  instructor  for  his 
approval.  Approved . 
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NAME 


DATE 


PERIOD 


59 


RATING 


CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  the  length  of  time  that  a  current  is  flowing  have  on  the  amount  of  metal 
that  is  plated?  k°®6ep  curren^  flows,  greater  amount  of  metal  plated.  (Metal 
plated  directly  proportional  to  time  and  amperage  of  current  flow. ) 


2.  How  would  you  remove  the  copper  that  you  plated  on  the  nickel?  ver.S®. . 

of  electricity. 


3.  What  rating  would  you  give  to  the  galvanized  wire  you  tested?  . Y®1!13  vary.  ) 
(Good  galvanized  wire  should  resist  baths  in  solution. ) 


Why? 


CONSUMER  APPLICATIONS 

1.  Why  are  bathroom  and  kitchen  fixtures  plated  with  nickel  and  chromium?  ,Lc>0.l£:.  ^e^^.r* 

Easier  to  keep  clean.  Will  not  corrode  as  readily  as  iron  or  brass.  Will  not 

chip  like  porcelain  and  enamel. 


2.  Explain  why  coatings  of  wax  or  shellac  are  placed  over  some  objects  that  have  been 

,  ,  ,  ,  i  To  prevent  scratching  or  peelix^  of  plat- 

electroplated  with  a  non-corrosive  metal . . ~ . ... . . 

ing.  . 
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3.  Suggest  a  way  you  can  judge  the  plating  that  is  found  on  knives,  forks,  and  spoons . 

(Answers  may  vary.)  Set  up  electroplating  apparatus.  Put  knife,  fork,  or 

spoon  at  positive  electrode.  Turn  on  current  and  note  time  required  to  re¬ 
move  plate.  Thickness  of  plate  will  be  determined  by  length  of  time  taken  to 
remove  plate. 


4.  You  can  clean  tarnished  silverware  by  putting  it  in  an  aluminum  pan  and  pouring  a  hot 

solution  of  baking  soda  over  it.  (a)  Tell  how  this  method  works.  . . 8  . . 8 r.T® 8. . .as. . 

electrolyte.  Aluminum  more  active  than  silver.  Replaces  silver  in  compounds 


of  tarnish. 


b)  Stainless  steel  will  corrode  if  given  this  treatment.  Explain. 

aluminum,  iron  in  stainless  steel  is  more  active  than  hydrogen.  Will  there¬ 


fore  corrode  in  electrolytic  solution  by  reacting  with  electrolyte. 
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=  UNIT  = 

13 


Inks,  Dyes,  and  Stains 


“ et  that  signature  in  ink!”  Today  every  important  document,  deed,  title,  or  con- 
tract  requires  that  the  signature  be  made  in  ink.  This  is  to  insure  permanence.  If 
a  thing  is  worth  recording,  it  is  worth  recording  well.  No  one  knows  when  ink  was  first 
used  or  how  it  was  made.  Perhaps  the  juices  of  colored  berries  served  the  purpose  at  a  very 
early  date. 

The  oldest  ink,  written  samples  of  which  are  still  in  existence,  was  made  from  finely 
ground  carbon.  Monastery  manuscripts  on  display  in  museums  were  written  with  this  type 
of  ink.  Strange  as  it  may  seem,  some  of  the  early  formulas  are  still  in  use.  This  is  espe¬ 
cially  true  of  the  carbon  inks  of  India  and  China. 

Inks  on  the  market  today  may  be  roughly  classified  as  iron  inks  and  dye  inks.  There  is 
a  difference  in  their  permanence  and  their  washability.  The  iron  inks  are  permanent.  Years 
ago  there  were  very  few  dye  inks.  But  since  1917,  when  America  really  began  dye  manufac¬ 
turing,  dyes  have  been  used  in  inks  as  well  as  in  other  materials  needing  color. 

Before  1917  Germany  produced  the  world’s  supply  of  dyes.  The  process  of  making  them 
was  very  secret,  and  no  chemists  had  seriously  attempted  to  compete  with  the  German 
monopoly.  When  war  conditions  made  it  impossible  for  us  to  import  the  dyes  needed  in  our 
textile  industries,  American  chemists  faced  the  task  of  developing  suitable  substitutes  for 
the  German  products.  How  well  they  succeeded  is  shown  by  the  fact  that  today  the  United 
States  produces  the  highest  quality  and  the  greatest  variety  of  dyes  in  the  world. 

Besides  the  natural  dyes  made  from  plants  and  animals,  a  very  large  number  of  dyes  in 
varying  shades  are  produced  from  coal  tar.  Best  known  of  this  group  are  the  aniline  dyes, 
famous  for  their  brilliant  hues.  Some  coal-tar  dyes  are  extremely  color-fast,  while  others 
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have  a  tendency  to  run  and  fade.  The  materials  dyed  may  be  partly  responsible  for  this. 
It  is  possible  for  a  dye  to  set  permanently  in  one  material  and  run  out  of  another  kind  just 
as  soon  as  the  material  gets  damp.  You  must  therefore  be  able  to  judge  dyes  and  determine 
which  ones  best  suit  your  needs.  Nobody  wants  the  red  from  the  trim  on  a  white  dress  to 
run  into  the  white. 

Many  substances  that  we  do  not  class  as  dyes  leave  stains  on  cloth,  wood,  paper,  and  other 
materials.  In  some  cases  these  stains  are  just  a  nuisance,  but  in  most  cases  they  actually 
ruin  the  appearance  and  value  of  the  article.  Since  stains  are  made  by  so  many  different 
things,  there  is  no  solvent  that  can  remove  all  of  them.  The  only  effective  way  of  removing 
stains  is  to  know  what  produced  the  stain  and  then  treat  the  stain  with  a  substance  that  will 
act  as  a  solvent  or  bleach.  Do  you  know  how  to  remove  spots  caused  by  fats,  metals,  dyes, 
grass,  or  other  substances? 

In  this  unit  you  will  learn  the  ways  in  which  inks  are  made,  how  to  judge  the  quality  of 
dyes,  and  also  how  to  remove  common  stains  from  clothing. 


% 
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SUGGESTIONS  FOR  TEACHING  UNIT  13 


This  unit  introduces  the  students  to  the  chem¬ 
istry  of  inks  and  dyes  and  shows  them  the  reac¬ 
tions  that  different  types  of  inks  and  dyes  have 
under  varying  conditions.  Rather  than  stressing 
the  manufacture  of  different  dyes,  the  students 
are  taught  how  to  judge  the  quality  of  the  dye  in 
merchandise  of  everyday  use.  Since  it  is  also  im¬ 
portant  to  know  how  spots  and  stains  may  be  re¬ 
moved  from  cloth,  one  experiment  is  devoted  to 
the  chemistry  of  home  cleaning. 

OBJECTIVES  OF  THE  UNIT 

1.  To  become  acquainted  with  the  different 
types  of  ink  and  to  know  the  chemical  and  phys¬ 
ical  tests  that  will  show  the  comparative  value  of 
inks  (Exp.  60,  61) . 

2.  To  learn  the  use  of  each  type  of  ink,  its 
ingredients,  and  the  purpose  of  each  ingredient 
(Exp.  60,  61) . 

3.  To  know  the  conditions  and  factors  that  af¬ 
fect  the  color-fastness  of  dyed  cloth  (Exp.  62) . 

4.  To  determine  the  color-fastness  required  for 
some  of  the  common  household  textiles  (Exp.  62) . 

5.  To  learn  the  methods  and  materials  that  can 
be  used  to  remove  common  stains  from  cloth 
(Exp.  63) . 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  Oxidation  and  reduction  and  their  relation 
to  inks,  dyes,  and  stains  (Exp.  60,  61,  62,  63) . 

2.  The  purpose  of  mordants  (Exp.  62) . 

3.  The  theory  of  absorption  and  adsorption 
(Exp.  60,  61,  62,  63) . 

4.  The  effect  of  solvents  (Exp.  61,  63) . 

5.  The  effect  of  sunlight,  perspiration,  and 
washing  on  dyes  in  cloth  (Exp.  62) . 

HINTS  TO  THE  TEACHER 

Experiment  60.  A  good  grade  of  blue-black  ink 
can  be  prepared  from  this  formula  by  using  a 
U.S.P.  (or  better)  grade  of  chemicals.  The  for¬ 
mula  is  similar  to  that  recommended  for  docu¬ 
mentary  use  by  the  federal  government.  It  is  very 
important  to  use  a  good  grade  of  water-soluble 
dye.  Otherwise  the  ink  will  change  color  as  it 
ages  in  the  bottle.  Schultz  soluble  blue  (Index 
No.  707) ,  which  is  very  satisfactory,  may  be  pro¬ 
cured  from  Fezandie  and  Sperrle,  Inc.,  205  Fulton 
Street,  New  York  City. 

Experiment  61.  At  least  three  different  com¬ 
mercial  inks  should  be  available  for  testing,  be¬ 
sides  the  ink  prepared  in  Experiment  60.  A  steel 
pen  and  penholder  should  be  provided  for  each 
bottle  of  ink  so  that  the  inks  are  not  mixed  by 
using  the  same  pen. 


Experiment  62.  The  opaque  paper  used  in  the 
color-fastness  test  may  be  any  opaque  black  pa¬ 
per.  The  paper  that  appears  on  a  roll  of  film 
will  serve  very  well.  It  can  usually  be  obtained 
from  a  film-developing  studio  free  of  charge.  The 
students  should  mount  the  material  for  the  color¬ 
fastness  test  inside  a  window  in  their  home.  Use 
a  window  with  a  southern  exposure. 

The  following  solutions  must  be  prepared  for 
the  tests  of  color-fastness  to  perspiration.  They 
are  from  “Federal  Specifications  for  Textiles.” 

Acid  solution.  Weigh  out  10  grams  of  sodium 
chloride,  1  gram  of  lactic  acid  (U.S.P.  85%),  1 
gram  of  anhydrous  disodium  orthophosphate. 
Dissolve  in  water  and  dilute  to  make  one  liter  of 
solution. 

Alkaline  solution.  Weigh  out  10  grams  of  so¬ 
dium  chloride,  4  grams  of  ammonium  carbonate, 
1  gram  of  anhydrous  disodium  orthophosphate. 
Dissolve  in  water  and  dilute  to  make  one  liter  of 
solution. 

Experiment  63.  Be  sure  to  instruct  your  stu¬ 
dents  how  to  make  up  a  10%  solution  of  oxalic 
acid.  If  they  prepare  50  ml  of  solution,  they 
should  dissolve  5  grams  of  oxalic  acid  crystals  in 
45  ml  of  water.  The  hydrogen  peroxide  should  be 
the  ordinary  3%  solution.  The  sodium  hypochlo¬ 
rite  is  usually  about  a  5%  solution  and  may  be 
purchased  under  many  trade  names  in  a  local 
store. 

MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

300  ml  acetone 

25  ml  hydrochloric  acid,  dilute 
5  gm  gallic  acid,  powdered 
1  gm  lactic  acid  (U.S.P.  85%) 

15  gm  tannic  acid,  powdered 
25  gm  oxalic  acid 

400  ml  denatured  alcohol 
4  gm  ammonium  carbonate 
14  yd.  each,  colored  cloth  (three  samples) 
x/2  yd.  white  cotton  cloth 
1  bottle  each,  three  different  inks 

300  ml  carbon  tetrachloride 
%  yd.  filter  cloth  (cheese  cloth) 

20  gm  ferrous  sulfate  crystals 
20  gm  fuller’s  earth 
2.5  ml  glycerine 
1  box  gummed  labels 
1  roll  adhesive  tape 

300  ml  hydrogen  peroxide 
V2  yd.  linen 

30  sheets  opaque  black  paper 
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5  sheets  writing  paper 
5  pencils 

3  pens  and  penholders 
1.25  gm  phenol  crystals 
Vz  yd.  rayon  cloth 
30  rubber  bands 

5  gm  Schultz  soluble  blue  dye  (Index  No. 
707) 

1  small  box  soap  chips  or  flakes 
5  sewing  needles 

1  spool  white  thread 
300  ml  turpentine 

20  gm  sodium  chloride 
300  ml  sodium  hypochlorite  solution 

2  gm  anhydrous  disodium  orthophosphate 
Vz  yd.  wool  cloth 

APPARATUS  NEEDED  FOR  10  STUDENTS  WORKING 
IN  PAIRS 

1  triple-beam  balance 
10  beakers  (150  or  250  ml) 

15  wide-mouth  bottles  (4  oz.)  with  corks 
5  Bunsen  burners 
1  electric  iron 
5  Erlenmeyer  flasks 
5  10-ml  or  25-ml  graduates 
5  medicine  droppers 
5  rings  and  ringstands 
5  spoons 


5  glass  stirring  rods 
20  test  tubes  (6  in.) 

5  thermometers,  to  110°  C. 

5  wire  gauzes 

SUGGESTED  PROJECTS 

1.  Preparation  of  different  colored  inks. 

2.  Preparation  of  printer’s  ink. 

3.  Preparation  of  ink  removers. 

4.  Preparation  of  vegetable  dyes  from  vege¬ 
tables. 

5.  Dyeing  cloth  with  vegetable  dyes. 

6.  Preparation  of  aniline  dyes. 

SUGGESTED  TOPICS  FOR  CLASS  DISCUSSION 

1.  What  type  of  ink  should  be  used  for  ordi¬ 
nary  school  work,  records,  wills,  deeds,  etc.? 

2.  What  is  meant  by  permanence  in  ink?  What 
are  the  advantages  and  disadvantages  of  perma¬ 
nent  ink? 

3.  Discuss  the  desirability  of  color-fastness  to 
sunlight,  washing,  and  perspiration. 

4.  What  type  of  fiber  holds  dye  the  best? 

5.  What  is  the  difference  in  color-fastness  be¬ 
tween  vegetable  dyes  and  aniline  dyes? 

6.  Why  are  there  such  a  large  variety  of  stain 
removers?  What  types  of  stains  does  each  re¬ 
move? 
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NAME 


DATE 


PERIOD  RATING 


Experiment  60 

How  can  you  make  ink? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  all  inks  alike?  Are  they  all  supposed  to 
act  the  same  way? 

When  you  stop  to  think  of  the  many  differ¬ 
ent  uses  that  inks  have,  you  will  realize  that 
they  must  be  made  differently.  Printing  ink  is 
not  at  all  like  writing  ink.  It  does  not  flow.  It 
is  made  by  grinding  a  pigment,  such  as  lamp¬ 
black  or  a  color  pigment,  in  oil  or  varnish. 
Printing  ink  is  really  more  like  paint  than  ink. 

Writing  inks  may  be  divided  into  several 
classes,  both  as  to  their  color  and  composition. 
The  tannin  inks,  which  are  black,  are  made 
by  combining  tannic  and  gallic  acids  with  a 
solution  of  ferrous  sulfate  (copperas).  Fer¬ 
rous  compounds  do  not  form  a  color  with  tan¬ 
nic  and  gallic  acids,  but  ferric  salts  produce 
black  ferric  tannate  and  ferric  gallate.  When 
the  ink  is  used,  the  colorless  ferrous  tannate 
and  gallate  will  be  oxidized  to  the  black  ferric 
salts  by  the  oxygen  of  the  air.  A  dye  is  put  in 
the  ink  to  give  it  temporary  color  until  the 
permanent  color  develops.  Hydrochloric  acid 
is  added  to  keep  the  iron  in  solution.  Carbolic 
acid  is  often  used  as  a  preservative  to  keep  the 
ink  from  molding. 

Alizarin  inks,  which  are  also  black,  are  tan¬ 
nin  inks  to  which  acetic  acid  has  been  added. 
The  acetic  acid  prevents  the  iron  tannate  from 
settling  out  as  a  precipitate. 

Many  of  the  modern  inks  are  water-soluble 
dye  inks  made  by  dissolving  a  dye  in  water. 
Inks  of  this  type  are  not  suitable  for  making 
permanent  records  because  they  will  fade  with 
age  and  will  wash  out  if  water  is  spilled  on 
them.  When  a  dye  ink  is  to  be  used  in  a  foun¬ 
tain  pen,  it  is  often  necessary  to  add  small 
amounts  of  glycerine  to  make  the  ink  flow 
evenly  from  the  pen. 


Indelible  inks  usually  contain  silver  salts 
dissolved  in  water.  Although  they  look  black 
in  their  container  and  make  fairly  dark  marks, 
the  black  color  really  develops  when  the  ink 
is  exposed  to  light  or  heat.  The  silver  salt  in 
the  ink  is  reduced  to  finely  divided  metallic 
silver,  which  will  then  appear  black. 

Indelible  ink  is  used  for  marking  clothing 
in  a  laundry  because  it  is  very  permanent.  It 
can  be  removed  only  when  a  very  strong 
bleaching  solution  is  used.  The  solution  will 
eventually  change  the  metallic  silver  to  solu¬ 
ble  silver  chloride,  which  can  then  be  washed 
off  with  water. 

India  inks  or  Chinese  inks  are  a  mixture  of 
pure  lampblack  in  a  water  solution  of  gum, 
gelatin,  or  agar  agar.  They  cannot  be  bleached 
by  any  known  method.  They  are  waterproof 
but  can  be  erased  easily  because  they  do  not 
penetrate  the  paper.  Many  special  inks  are 
made  for  writing  on  glass,  metal,  ivory,  cellu¬ 
loid,  and  other  substances. 

Before  doing  the  experiment,  answer  these 
questions.  Use  your  chemistry  book  as  a  ref¬ 
erence. 

Chemistry  and  Its  Wonders,  p.  303 
Chemistry  at  Work.  p.  585 
Chemistry  for  Secondary  Schools,  pp.  281, 
464,  523 

Dynamic  Chemistry,  pp.  503-506 
First  Book  in  Chemistry,  pp.  513-514,  518 
First  Principles  of  Chemistry,  pp.  458,  463, 
586 

First  Year  of  Chemistry,  pp.  322,  495 
Modern  Chemistry,  pp.  615,  618 
Modern-Life  Chemistry,  p.  529 
New  Practical  Chemistry,  pp.  510-511 
New  World  of  Chemistry,  pp.  529-533 


1.  What  is  there  in  ink  that  makes  it  permanent?  . 

2.  Name  the  chemical  change  that  causes  some  blue  inks  to  turn  black. 
ferrous  tannate  and  gallate  to  black  ferric  compounds. 


249 


60 


3.  Explain  the  meaning  of  dye  ink.  Water-soluble  aniline  dye  dieeoXTOa  In  water  . 


4.  How  does  an  iron  ink  differ  from  a  dye  ink?  ???  Ink  permanent,  dye  ink  not 
permanent. 


5. 


What  is  the  main  ingredient  of  India  ink? 


lampblack 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Tannic  acid  (powdered).  Gallic  acid  (powdered).  Distilled  water.  Fer¬ 
rous  sulfate.  Glycerine.  Dilute  hydrochloric  acid.  Phenol  crystals.  Schultz  soluble  blue  dye 
(Index  No.  707). 

apparatus  needed:  Triple-beam  balance.  250  ml  beaker.  Graduate.  Centigrade  thermometer. 
150  ml  beaker.  Ring  and  ringstand.  Wire  gauze.  Bunsen  burner.  Erlenmeyer  flask.  Cork. 


In  this  experiment  you  are  going  to  prepare 
an  iron  ink.  Weigh  out  2.9  grams  of  powdered 
tannic  acid  and  1  gram  of  powdered  gallic  acid 
into  a  250  ml  beaker.  Add  100  ml  of  distilled 
water  to  the  beaker.  Put  the  beaker  on  a  wire 
gauze  on  the  ring  of  a  ringstand  and  heat  until 
the  mixture  reaches  a  temperature  of  60°  C. 

While  this  is  heating,  dissolve  3.75  grams  of 
ferrous  sulfate  crystals,  Vi  gram  of  glycerine, 
and  3  ml  of  dilute  hydrochloric  acid  in  50  ml 
of  distilled  water  in  your  150  ml  beaker. 

Shake  XA  gram  of  phenol  crystals  and  50  ml 
of  distilled  water  in  your  Erlenmeyer  flask 
until  the  crystals  have  dissolved.  Then  add  .9 


gram  of  Schultz  soluble  blue  dye  (Index  No. 
707)  to  this  solution. 

When  the  three  solutions  are  completely  dis¬ 
solved,  pour  the  contents  of  the  beakers  into 
the  Erlenmeyer  flask.  Rinse  out  the  beaker 
that  contained  the  tannic  and  gallic  acids  with 
30  ml  of  distilled  water  and  add  it  to  the  flask. 
Stopper  the  flask  and  shake  it.  Then  place  it 
in  your  locker  until  the  next  laboratory  period. 

After  allowing  the  ink  to  stand  for  at  least 
twenty-four  hours,  carefully  pour  off  the  clear 
liquid  into  a  bottle.  Do  not  transfer  any  of  the 
sediment.  Compare  the  writing  qualities  of 
this  ink  with  several  commercial  brands. 


CONCLUSIONS  FROM  THE  EXPERIMENT 


1. 


How  is  ferrous  tannate  changed  to  ferric  tannate? 


Oxidized  by  exposure  to  air. 


2.  Why  are  hydrochloric  acid  and  phenol  used  in  ink?  ®ydroohl<3ric  aold  keePs  lron 

compounds  in  solution.  Phenol  (carbolic  acid)  keeps  ink  from  molding. 
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3.  What  substance  makes  the  ink  flow  freely?  . 

4.  Why  are  some  inks  called  blue-black?  Blue...d?^ 
compounds  are  oxidized  to  black  ferric  compounds. 


5.  How  does  your  ink  compare  in  writing  quality  with  commercial  varieties?  . 

compare  favorably  if  good  grade  of  chemicals  used.  Formula  similar  to  govern¬ 


ment  documentary  ink  formula.  ) 


CONSUMER  APPLICATIONS 

u  i  -i  Us©  green  water-soluble  dye 

1.  Tell  how  you  would  make  a  green  ink . . . 


n  i j  j.  •  u  j  •  i  *  •  i o  Dye  ink  keeps  same  color. 

2.  How  would  you  distinguish  a  dye  ink  from  an  iron  ink:  . . .f. . 

Iron  ink  turns  black  after  use.  Dye  ink  water-soluble.  Iron  ink  waterproof. 


3.  Suppose  you  do  not  have  any  indelible  ink,  but  you  wish  to  mark  some  clothes  before 

sending  them  to  a  laundry.  What  type  of  ink  would  you  use?  . .  Why? 

ink  water-soluble.  Iron  ink  waterproof.  (Can  be  removed  by  laundry  bleaches, 

however.  ) 


4.  What  color  change  takes  place  if  a  bottle  of  iron  ink  is  left  open? 

Oxygen  in  air  changes  ferrous  compounds  to  black  ferric  compounds. 
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_  TTr,  .  .  .  ,  ,  ,i  j  •  i  o  Iron  ink  not  water-soluble 

5.  Why  is  an  iron  ink  more  permanent  than  a  dye  ink?  . 

after  oxidation.  Also  dye  gradually  fades  while  ferric  tannate  does  not. 


6.  Why  should  a  good  ink  be  fairly  waterproof?  ® ^ f 

it  will  not  be  washed  out  or  blotted. 


7.  What  element  is  usually  present  in  an  indelible  ink?  . 

8.  How  do  alizarin  inks  differ  from  ordinary  blue-black  inks? 
stead  of  hydrochloric  acid. 
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Experiment  61 

How  can  you  judge  the  quality  of  ink? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Are  you  using  colored  water  for  ink?  Does 
the  ink  you  are  using  clog  your  fountain  pen? 
What  do  you  expect  of  ink? 

The  only  requirement  most  people  have  for 
ink  is  to  have  it  leave  a  colored  mark  on  paper. 
Yet  this  is  only  one  of  the  requirements  of  a 
desirable  ink. 

Modern  ink  is  a  liquid  suitable  for  writing. 
The  first  and  probably  most  important  re¬ 
quirement  of  ink  is  permanence.  It  should 
neither  fade  when  exposed  to  light  nor  wash 
away  when  it  comes  in  contact  with  water. 

The  ink  solution  should  be  clear  and  filter¬ 
able.  It  should  flow  easily  from  the  pen  and 
have  no  disagreeable  odor.  It  should  contain 
no  active  material  that  may  corrode  the  metal 
parts  of  a  fountain  pen.  It  should  neither 
spread  out  nor  penetrate  the  paper  but  dry  in 
a  short  time  to  form  a  light,  smooth  coating. 
Does  the  ink  you  are  using  have  these  desir¬ 
able  characteristics? 

1.  Why  do  some  inks  produce 
solution  by  acid.  Precipitate  out. 


Before  doing  the  experiment,  answer  the 
following  questions.  Use  your  chemistry  book 
and  what  you  learned  in  Experiment  60. 
Chemistry  and  Its  Wonders,  pp.  303-304,  703- 
704 

Chemistry  and  You.  pp.  282,  519-525 
Chemistry  at  Work.  pp.  463,  585 
Chemistry  for  Secondary  Schools,  pp.  281, 
464,  523 

Chemistry  in  Use.  p.  24 
Dynamic  Chemistry,  pp.  503-506,  712-715 
First  Book  in  Chemistry,  pp.  513-514,  518 
First  Principles  of  Chemistry,  pp.  458,  463, 
586 

First  Year  of  Chemistry,  pp.  322,  495,  537 
Modern  Chemistry,  pp.  615,  618,  713-717 
Modern  Everyday  Chemistry,  pp.  330-332 
Modern-Life  Chemistry,  pp.  579,  681-682 
New  Practical  Chemistry,  pp.  458,  510-511 
New  World  of  Chemistry,  pp.  529-533,  628, 
630-631 


sediment  when  allowed  to  stand?  . A^AAAA®®. ,no^.  A6  ^A .  An 


2.  What  causes  an  ink  to  spread  out  or  penetrate  paper?  A.L.^ApAA^fAAA?. 
2.  Surface  tension  of  ink.  3.  Viscosity  of  ink. 


3.  List  the  undesirable  characteristics  that  should  be  avoided  in  ink.  A?.. A . .*1®.  ..°A.. 

sediment.  2.  Fading.  3.  Blotting.  4.  Washing  out.  5*  Corrosion  of  pen. 

6.  Undesirable  odor.  7»  Cloudiness. 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Three  samples  of  ink,  one  labeled  blue-black.  Pen.  Pencil.  Typewriting 
paper.  Denatured  alcohol.  Soap  chips  or  flakes.  Dilute  hydrochloric  acid. 
apparatus  needed:  Four  6-inch  test  tubes.  Graduate. 


In  this  experiment  you  will  examine  three 
samples  of  ink  to  determine  how  well  they 
meet  the  requirements  of  a  desirable  ink.  Re¬ 
cord  your  results  in  the  table.  Use  (  V  )  for 
satisfactory  and  (X)  for  unsatisfactory. 

a.  Sediment  test.  Carefully  tilt  each  sample 
to  one  side  and  notice  if  any  sediment  has  been 
deposited  on  the  bottom  of  the  bottle.  Sedi¬ 
ment  should  not  be  present. 

b.  Spreading  and  penetrating  test.  On  a  sheet 
of  good  typewriting  paper,  draw  lines  across 
the  page  about  an  inch  apart,  using  the  differ¬ 
ent  inks.  Along  each  line  drawn,  write  in 
pencil  the  name  of  the  ink  used.  Allow  the 
inks  to  dry  for  twenty-four  hours.  The  edges 
of  each  line  should  be  sharp.  Any  ink  that 
spreads  or  “feathers”  out  at  right  angles  to  the 
line  along  the  fibers  of  the  paper  is  not  desir¬ 
able.  Examine  the  reverse  side  of  the  paper. 


Does  any  one  of  the  inks  penetrate  through  the 
paper?  Inks  that  penetrate  are  undesirable. 
Save  the  sheet  of  test  paper  for  Part  c. 

c.  Permanence  test.  Cut  four  1-inch  strips 
through  each  line  on  the  test  paper  and  label 
each  line,  using  a  pencil.  Fill  and  label  four  test 
tubes  as  follows:  (1)  water;  (2)  denatured 
alcohol  and  water  in  equal  amounts;  (3)  2  ml 
of  soap  solution  and  water;  (4)  2  ml  of  dilute 
hydrochloric  acid  and  water.  Place  one  ink 
strip,  loosely  folded,  in  each  of  the  four  solu¬ 
tions.  After  a  period  of  30  minutes,  pour  out 
the  solutions  and  rinse  the  paper  strips  with 
water.  Examine  each  test  paper  carefully.  If 
the  inks  withstand  all  of  these  tests,  they  are 
permanent. 

As  a  result  of  your  tests,  give  each  ink  a 
rating.  Rate  the  best  ink  as  1,  the  next  as  2, 
and  the  third  as  3. 


BRAND  OP  INK 

SEDIMENT 

SPREADING 

PENETRA¬ 

TION 

PERMANENCE 

RATING 

WATER 

ALCOHOL 

AND 

WATER 

HYDRO¬ 

CHLORIC 

ACID  AND 

WATER 

SOAP 

AND 

WATER 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  What  effect  does  water  have  on  inks  made  from  dyes?  8 . _ ^ 
Writing  becomes  illegible. 
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2.  Which  of  the  inks  that  you  tested  appeared  to  contain  iron?  . 

How  could  you  tell?  Qxi<iize(i  iron  inks  not  water-soluble.  Turn  black  after  use 
on  standing. 


3.  What  type  of  ink  has  a  tendency  to  penetrate  and  spread?  . 

4.  State  the  most  important  characteristic  of  a  good  ink.  ! . 

tion  of  sediment.  3.  No  penetrating.  4.  No  spreading.  5*  No  corrosion  of 

pen. 


5.  Why  may  some  inks  harm  a  fountain  pen? 

may  be  too  strong,  thus  reacting  with  metal  in  pen. 


CONSUMER  APPLICATIONS 

1.  Under  what  conditions  would  you  prefer  (a)  a  dye  ink?  . . Pei,niai?eric.®. . 4.® ..59$. 

needed . 


b)  An  iron  ink?  Vhe^e  Perman0nce  is  110008 ®ar7_* 


2.  What  kind  of  ink  would  you  recommend  for  a  grade-school  pupil  learning  to  write? 

Dve  ink  i  .  Permanence  unnecessary,  even 

.  .  Explain  your  answer . . 

undesirable.  Can  be  removed  from  hands  and  clothing  with  soap  and  water. 
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3.  Should  school  records  or  signatures  on  deeds  be  recorded  with  a  dye  ink?  .  Explain. 

Not  permanent.  Will  wash  out  and  fade.  Iron  ink  should  he  used. 


4.  Would  you  mark  clothes  with  an  iron  ink  before  sending  them  to  the  laundry?  . 

r ,.  £  If  indelible  ink  is  available,  use  that.  Iron  inks 

Give  reasons  for  your  answer.  . ... ...  .  .TT-.-t . .......  ....  „  „  * .  _ .  „ . .  . . .  rr. 

after  oxidation  are  waterproof,  but  bleaches  used  in  laundries  will  remove 


them. 


5.  Why  are  inks  that  penetrate  paper  undesirable? 
sheet.  Writing  also  becomes  fuzzy. 


Ink  should  not  show  on  back  of 


nr»  n  i_-i  u  j  ■  £  4.  •  As  ink  dries,  carbon  de- 

fa.  Tell  why  carbon  inks  are  seldom  used  m  fountain  pens . . 

posited  on  pen.  Pen  will  clog  in  time. 
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Experiment  62 


How  can  you  tell  if  a  dye  is  color-fast? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


To  be  truly  color-fast,  the  color  of  a  dye 
should  not  be  affected  by  sunlight,  washing, 
or  perspiration.  A  dye  may  withstand  one  or 
two  of  these  but  not  all  three.  The  label  on 
a  piece  of  cloth  does  not  cover  all  these  con¬ 
ditions  of  color-fastness  unless  it  clearly  states 
that  the  goods  are  color-fast  to  each  one.  Fur¬ 
thermore,  a  dye  may  be  permanent  on  cloth 
made  from  one  kind  of  fiber  and  yet  fade  on 
another.  Wool  and  silk  are  easily  dyed,  and 
the  resulting  colors  change  the  least.  A  dye 
may  also  be  permanent  when  applied  by  one 
method  and  yet  fade  when  applied  by  another. 

Color-fastness,  therefore,  depends  on  the 
kind  of  fiber  in  the  cloth,  the  type  of  dye,  and 
the  use  to  be  made  of  the  dyed  fabric.  For 
example,  a  certain  color  might  be  satisfac¬ 
tory  when  used  in  a  rug  but  might  soon  fade 
if  used  in  window  drapes  where  sunlight 
would  strike  it. 

Dyes  are  made  from  natural  products  of 
plants  and  animals  or  from  coal-tar  deriva¬ 
tives  (analine  dyes).  Both  of  these  types  of 
dyes  can  be  divided  into  two  classes :  ( 1 )  those 
which  give  color  directly  to  the  material  and 
(2)  those  which  require  the  use  of  a  mordant 
to  bring  out  the  color. 


Any  mordant  prepares  the  cloth  so  that  it 
will  take  the  color.  The  use  of  a  mordant, 
though  not  always  a  necessity,  is  sometimes 
an  advantage  even  when  using  dyes  that  give 
color  directly  to  a  fiber  because  the  mordant 
usually  adds  permanence.  The  most  commonly 
used  mordant  is  alum. 

Answer  the  following  questions  before  do¬ 
ing  the  experiment.  Use  your  chemistry  book 
as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  487,  494,  520, 
522 

Chemistry  and  You.  pp.  570-574 
Chemistry  at  Work.  pp.  20,  485-487,  559 
Chemistry  for  Secondary  Schools,  pp.  329, 
478-480 

Chemistry  in  Use.  pp.  520-528 
Dynamic  Chemistry,  pp.  13,  500-503,  630-631, 
635 

First  Book  in  Chemistry,  pp.  424,  531 
First  Principles  of  Chemistry,  p.  462 
First  Year  of  Chemistry,  pp.  312,  448-449 
Modern  Chemistry,  pp.  271-272,  567-571,  690 
Modern  Everyday  Chemistry,  pp.  402-409 
Modern-Life  Chemistry,  pp.  572-573 
New  Practical  Chemistry,  pp.  7,  560-566 
New  World  of  Chemistry,  pp.  633-635 


1.  How  does  an  analine  dye  differ  from  a  vegetable  dye? 


product.  More  permanent  than  vegetable  dye. 


2.  What  fibers  are  easy  to  dye?  . 

3.  What  is  the  purpose  of  a  mordant  in  dyeing? 

Also  adds  permanence. 
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4.  What  fibers  cannot  be  dyed  without  the  use  of  a  mordant?  .9^^.?.^>.-™£®?- 


5.  How  is  a  mordant  applied  to  cloth? 
dipped  in  solution  of  ammonium  hydroxide. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Three  samples  of  colored  cloth.  White  thread.  Sewing  needles.  White  cot¬ 
ton  cloth.  Six  sheets  of  heavy,  opaque  paper.  Adhesive  tape  or  gummed  labels.  Soap  chips 
or  flakes.  Rubber  bands.  Acid  solution  and  base  solution  (prepared  by  your  instructor). 
apparatus  needed:  Three  wide-mouth  bottles  with  corks  to  fit.  150  ml  beaker.  Ring  and  ring- 
stand.  Wire  gauze.  Bunsen  burner.  Electric  iron.  Teaspoon. 


In  this  experiment  you  are  going  to  test  the 
color-fastness  of  different  samples  of  cloth  to 
sunlight,  washing,  and  perspiration.  Record 
your  results  in  the  table  after  each  part  of  the 
experiment,  stating  whether  or  not  the  sam¬ 
ple  you  tested  faded  or  was  color-fast. 

a.  Color- fastness  to  sunlight.  Standard  light 
tests  are  run  in  a  standard  fading  apparatus 
by  exposing  the  cloth  to  the  rays  of  a  carbon- 
arc  light  for  about  forty  hours.  The  same 
method  can  be  used  at  home  or  at  school  by 
exposing  the  cloth  to  sunlight. 

Cut  a  two-inch  by  four-inch  sample  of  one 
cloth  to  be  tested.  Then  cut  two  smaller  square 
openings  in  each  of  two  sheets  of  heavy, 
opaque  paper.  Fasten  the  cloth  to  one  of  the 
sheets  of  paper  with  adhesive  tape  or  gummed 
labels  and  cover  with  the  other  piece  of  paper 
so  that  the  openings  fit  over  each  other.  Using 
adhesive  tape  or  gummed  labels,  fasten  the 
mounted  sample  on  the  inside  of  a  window 
with  a  southern  exposure.  Mount  the  other 
two  samples  of  cloth  in  the  same  manner. 

After  a  week  remove  and  compare  the  ex¬ 
posed  part  of  each  sample  with  the  covered 
part.  If  the  color  remains  unfaded  at  the  end 
of  a  week  of  sunlight,  the  dye  may  be  consid¬ 
ered  color-fast  to  sunlight. 

b.  Color-fastness  to  washing.  Take  samples, 
three  inches  square,  of  each  dyed  cloth.  With 
a  needle  and  thread  sew  a  similarly  sized  piece 
of  white  cotton  cloth  to  each  of  these.  Place 
each  sample  in  a  separate  wide-mouth  bottle. 


Place  one-half  teaspoonful  of  soap  chips  or 
flakes  recommended  for  use  with  colored 
clothes  in  each  wide-mouth  bottle.  Fill  the 
bottles  three-fourths  full  of  boiling  water, 
stopper,  and  shake.  After  15  minutes  remove 
the  soap  solution  and  rinse  the  cloth  with  tap 
water.  Make  another  soap  solution  and  shake 
for  another  15  minutes.  Rinse  and  dry  the 
cloth  with  a  hot  iron.  Compare  the  washed 
samples  with  the  original  unwashed  cloth  and 
determine  how  much  fading  took  place. 

Remove  the  white  samples  and  examine 
them  to  see  if  they  have  been  dyed.  Any  trans¬ 
fer  of  dye  is  known  as  “crocking,”  which  is 
objectionable. 

c.  Color-fastness  to  perspiration .  Perspiration 
will  affect  the  color-fastness  of  many  dyes  be¬ 
cause  of  its  chemical  activity.  When  first  se¬ 
creted,  it  is  acid.  But  after  it  stands  for  some 
time,  bacteria  change  it  from  an  acid  to  an 
alkaline  substance. 

Prepare  two  samples,  two  inches  square,  of 
the  three  samples  of  cloth  to  be  tested.  For 
each  sample,  cut  the  same  sized  square  of 
white  cotton  cloth.  Draw  off  about  50  ml  of 
the  prepared  acid  solution  in  your  beaker. 

Place  colored  and  white  pieces  of  material 
in  this  solution  and  stir  them  until  they  are 
thoroughly  saturated.  Remove  them  from  the 
solution  and  roll  them  together  with  the  white 
sample  on  the  outside.  Use  a  rubber  band  to 
hold  them  together.  Repeat  this  procedure 
with  the  other  samples. 
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Do  the  same  with  the  other  samples  of  each 
cloth,  using  the  prepared  alkaline  solution. 
Place  these  rolls  in  your  locker  until  the  next 
laboratory  period.  At  that  time  examine  the 


samples  to  see  if  the  colors  have  faded  and  if 
there  has  been  any  crocking.  If  either  of  these 
changes  has  taken  place,  the  cloth  cannot  be 
considered  color-fast  to  perspiration. 


SAMPLE  OF  CLOTH 

SUNLIGHT  TEST 

WASHING  TEST 

PERSPIRATION  TEST 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Why  is  perspiration  liable  to  cause  a  dyed  cloth  to  fade  or  run?  .  ®Cre . 

is  acid.  On  standing,  it  changes  to  alkaline  substance.  Can  thus  react  with 


dye  either  as  acid  or  base. 


2.  Are  all  dyed  fabrics  color-fast  to  washing?  . . _^° *_ . . . . Y .  ^a^0_ . °r. _ .rUn. *. . 

3.  Are  all  dyes  color-fast  to  light?  ....^1^-..^^-^-..^^®*- . 

4.  What  fibers  hold  a  dye  the  best?  . 

r  ^  ,  r  .  j  Type  of  dye,  kind  of  fiber,  use  to  be  made 

5.  On  what  does  color-fastness  depend:  . . . 

of  dyed  fabric,  method  of  application. 


CONSUMER  APPLICATIONS 


1. 


What  should  a  label  of  a  color-fast  dress  show? 


Color-fastness  to  sunlight,  vash- 


ing,  perspiration 


# 
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2.  State  the  type  of  color-fastness  you  would  require  for  each  of  the  articles  listed  below. 


ARTICLE 

COLOR-FASTNESS  REQUIRED 

Window  drapes  and  curtains 

Sunlight,  washing 

Rugs 

Sunlight,  washing 

Woolen  suits 

Sunlight,  perspiration 

Neckties 

Sunlight  (washing  for  summer  ties ) 

Shirts 

Washing,  perspiration  (sunlight  for  sports  shirts  ) 

Silk  dresses 

Sunlight,  perspiration  (washing  for  "tub"  silks) 

Men’s  socks 

Washing,  perspiration 

Cotton  dresses 

Sunlight,  washing,  perspiration 

Linen  napkins 

Washing 

Window  awnings 

Sunlight,  washing 

Underwear 

Washing,  perspiration 

3.  (a)  Why  do  white  straw  hats  turn  yellow  during  the  summer?  . . S.^r€1'Y. 
turned  back  to  yellow  by  sunlight. 


b)  How  can  the  straw  be  made  white  again?  with  eo31'^  sulflte  or 

hydrogen  peroxide. 
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Experiment  63 

How  can  you  remove  stains? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


“Mother,  can  you  remove  these  gravy  spots 
from  my  tie?”  “How  can  I  get  the  grass  stain 
off  this  skirt?” 

There  have  probably  been  many  times  when 
you  wanted  to  remove  stains  from  your  cloth¬ 
ing.  How  can  you  remove  them  easily  and 
safely? 

To  remove  a  stain  successfully,  you  should 
know  what  caused  the  stain  and  also  what  will 
dissolve  or  bleach  it  safely  and  completely 
without  injuring  or  fading  the  fabric.  It  is  also 
important  to  know  just  how  to  use  the  stain 
removers.  Any  remover  strong  enough  to  re¬ 
move  the  stain  immediately  may  ruin  the  ma¬ 
terial  just  as  quickly.  Successful  stain  removal 
leaves  the  fabric  uninjured. 

Some  stains,  such  as  those  caused  by  fats, 
oils,  gums,  resins,  and  syrups,  can  be  removed 
by  simply  washing  the  fabric  with  the  right 
substance.  For  example,  fat,  oil,  and  wax 
stains  can  be  removed  by  washing  the  cloth 
with  carbon  tetrachloride. 

Fuller’s  earth,  French  chalk,  and  other  ad¬ 
sorbent  powders  are  effective  in  removing 
grease  and  oil  stains.  While  they  are  not  so 
rapid  in  action  as  solvents,  they  remove  many 
stains  effectively.  Water  is  a  good  solvent  for 
sugar  syrups,  while  alcohol  dissolves  gums 
and  resins.  Turpentine  and  acetone  will  dis¬ 
solve  paints. 

In  some  cases  the  stain  can  be  removed  only 
by  the  action  of  a  substance  that  will  change 
it  into  a  soluble  compound,  which  can  then  be 
dissolved  by  a  suitable  solvent.  In  removing 
iron-ink  stains,  oxalic  acid  is  used  to  reduce 
the  black,  insoluble  ferric  salts  to  colorless, 
soluble  ferrous  salts,  which  can  then  be 
washed  out  with  water.  In  other  cases  the 
stain  is  a  colored  substance  that  may  be 
changed  into  a  colorless  substance  by  oxidiz¬ 
ing  it  with  sodium  hypochlorite  or  hydrogen 
peroxide. 


Some  stains  are  a  combination  of  two  or 
more  substances  requiring  different  treat¬ 
ments.  For  example,  an  ice-cream  stain  may 
be  a  combination  of  fat,  sugar,  and  fruit.  The 
fat  is  removed  by  sponging  with  carbon  tetra¬ 
chloride,  the  sugar  by  sponging  with  luke¬ 
warm  water,  and  the  fruit  stain  by  pouring 
boiling  water  through  the  stain  from  a  height 
of  one  or  two  feet. 

The  substance  used  to  remove  a  stain  also 
depends  on  the  type  of  fabric.  Cotton  and 
linen  are  usually  referred  to  as  washable, 
while  wool  and  silk  are  termed  un washable. 
Silk  is  so  sensitive  to  the  action  of  solvents 
and  reagents  that  it  is  almost  impossible  to 
remove  stains  from  this  textile. 

It  is  not  always  easy  to  tell  just  what  effect 
a  stain  remover  will  have  on  a  fabric.  If  you 
are  in  doubt,  test  a  sample  of  a  hidden  part  of 
the  material  before  beginning  on  the  stain. 

Before  doing  the  experiment,  answer  the 
questions  on  the  next  page.  Use  your  chem¬ 
istry  book  as  a  reference. 

Chemistry  and  Its  Wonders,  pp.  195,  482,  583- 
585 

Chemistry  and  You.  pp.  575-578 
Chemistry  at  Work.  pp.  433,  585-586 
Chemistry  for  Secondary  Schools,  p.  330 
Chemistry  in  Use.  pp.  537-543 
Dynamic  Chemistry,  pp.  58,  515-519 
First  Book  in  Chemistry,  p.  388 
First  Principles  of  Chemistry,  pp.  114,  401, 
501-502,  669-670 

First  Year  of  Chemistry,  pp.  174-176,  326 
Modern  Chemistry,  pp.  412-414,  542,  690 
Modern  Everyday  Chemistry,  pp.  204,  231, 
368,  374-376 

Modern-Life  Chemistry,  p.  320 
New  Practical  Chemistry,  pp.  134-135,  447- 
448,  511 

New  World  of  Chemistry,  pp.  154,  530-531, 
573,  645 
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1.  Can  soap  and  water  be  used  to  remove  grease  and  oils  from  all  fabrics? 
sons  for  your  answer.  Animal  fibers  soluble  in  alkaline  solutions, 
pecially  harmed  by  strong  soap  solutions. 


Give  rea- 

Silks  es- 


2.  List  the  different  methods  of  removing  stains. 
ing  out  with  water.  2.  Dissolving  in  proper  solvent.  3«  Changing  stain  to 


soluble  material  and  then  dissolving  in  solvent. 


3.  What  is  meant  by  successful  stain  removal?  .Removing  etain  without  damaging 
fabric . 


4.  How  does  fuller’s  earth  remove  oil  stains?  B7  adsorbing  oil. . (Oil  clings  to 

its  surface .  ) 

5.  What  test  should  be  made  before  a  stain  remover  is  applied  to  a  fabric? 
on  hidden  part  of  fabric  to  see  if  it  damages  fabric. 


6.  What  is  meant  by  a  mixed  stain?  .staln  c<™P°sed  .of  two  or  more  simple  stains . 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Oxalic  acid.  Denatured  alcohol.  Carbon  tetrachloride.  Hydrogen  perox¬ 
ide.  Sodium  hypochlorite.  Turpentine.  Fuller’s  earth.  Acetone.  Soap  chips.  Gummed  labels. 
Pieces  of  cotton,  linen,  silk,  wool,  and  rayon.  Blotting  cloth  or  blotting  paper. 
apparatus  needed:  Eight  2-ounce  bottles  with  stoppers  to  fit.  150  ml  beaker.  Ring  and  ring- 
stand.  Wire  gauze.  Bunsen  burner.  Glass  stirring  rod.  Medicine  dropper. 
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No  one  has  yet  discovered  a  universal  stain 
remover.  Dry  cleaning  means  using  volatile 
solvents  instead  of  water  for  cleaning  those 
fabrics  which  cannot  be  laundered.  Most  of 
the  solvents  used  for  dry  cleaning  are  ex¬ 
tremely  dangerous.  Some  of  them  are  highly 
inflammable,  while  others  give  off  poisonous 
fumes.  As  a  matter  of  fact,  there  is  no  dry- 
cleaning  solvent  that  can  be  recommended  for 
safe  home  use. 

It  is  sometimes  necessary  to  remove  small 
spots  from  garments  in  the  home.  In  this  ex¬ 
periment  you  will  learn  how  to  remove  some 
of  the  more  common  stains  from  washable  fab¬ 
rics.  Unwashable  materials  should  usually  be 
sent  to  a  reliable  dry  cleaner  who  has  the 
proper  equipment  to  remove  stains. 

i.  Preparing  stain  removers.  The  following 
materials  should  be  prepared,  placed  in  sepa¬ 
rate  two-ounce  bottles  brought  from  home, 
stoppered,  and  then  labeled. 

10%  solution  of  oxalic  acid  (reduces  stains 
to  make  them  soluble). 

Hydrogen  peroxide  (bleach  for  wool,  silk, 
and  rayon). 

Sodium  hypochlorite  (bleach  for  cotton  and 
linen). 

Carbon  tetrachloride  (solvent  for  fats,  oils, 
and  waxes). 

Denatured  alcohol  ( solvent  for  gums,  resins, 
and  iodine). 

Turpentine  (solvent  for  drying  oils  and 
paint). 

Acetone  (solvent  for  nail  polish,  paint,  lac¬ 
quer,  etc.). 

Fuller’s  earth  (adsorbs  fats  and  oils). 

ii.  Methods  of  applying  stain  removers.  The 
different  stain  removers  you  have  prepared 
cannot  all  be  applied  by  the  same  method  if 
you  want  to  get  the  best  results.  Moreover,  a 
mixed  stain  can  best  be  treated  by  following  a 
certain  order  in  removing  the  different  ma¬ 
terials  that  cause  the  stain.  Read  over  the  fol¬ 
lowing  methods  carefully  until  you  are  sure 
you  understand  them.  Then  write  Method  A, 
B,  or  C  on  the  labels  of  the  stain  removers 
according  to  which  method  should  be  used. 

a.  Chemical  method.  Oxalic  acid,  hydrogen 
peroxide,  and  sodium  hypochlorite  should 
never  be  applied  to  a  colored  fabric  until  a 

Approved.  Cotton  .  Linen  . 
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sample  has  been  tested  to  see  if  the  color  is  re¬ 
moved  by  these  solutions.  They  remove  stains 
by  bringing  about  chemical  changes  that  turn 
the  stains  into  colorless  compounds.  The  solu¬ 
tions  mentioned  should  be  applied  to  stains  in 
the  following  steps : 

1.  Place  the  stained  material  over  a  cup  or 
beaker. 

2.  Moisten  the  spot  with  clear  water,  using 
a  glass  rod. 

3.  Rinse  with  clean  water. 

4.  Repeat  if  necessary. 

b.  Physical  method.  Carbon  tetrachloride,  de¬ 
natured  alcohol,  turpentine,  acetone,  water, 
and  fuller’s  earth  remove  stains  by  either  dis¬ 
solving  or  adsorbing  the  substance  producing 
the  stain.  They  should  be  applied  as  follows: 

1.  Place  a  pad  of  cloth  or  blotting  paper 
under  the  spot. 

2.  Moisten  a  clean  cloth  with  the  solvent 
and  rub  the  cloth,  using  light,  straight  strokes. 

3.  Change  the  rubbing  cloth  or  blotting  pad 
when  it  becomes  stained. 

c.  Boiling  water.  Use  these  steps  for  remov¬ 
ing  stains  with  boiling  water: 

1.  Place  the  stained  material  over  a  cup  or 
beaker. 

2.  Pour  boiling  water  through  the  stain 
from  a  height  of  one  or  two  feet,  so  that  it  will 
strike  the  stain  with  force. 

d.  Removal  of  mixed  stains.  To  get  the  best 
results,  remove  mixed  stains  in  the  following 
order: 

1.  Remove  the  fats,  oils,  gums,  resins,  or 
waxes  first  by  using  the  proper  solvent. 

2.  Dissolve  the  sugar,  using  water. 

3.  If  the  fabric  is  washable,  wash  it  in  warm 
suds. 

4.  Use  oxalic  acid  to  make  the  stain  soluble. 

5.  Bleach  with  the  proper  solution  (sodium 
hypochlorite  for  cotton  and  linen;  hydrogen 
peroxide  for  wool,  silk,  and  rayon). 

hi.  Removing  some  common  stains.  Stain  a 
piece  of  cotton,  linen,  silk,  wool,  and  rayon 
with  one  of  the  stains  found  in  the  table,  Re¬ 
moval  of  Common  Stains,  on  page  264.  Then 
remove  the  stain  from  each  fabric,  following 
the  directions  in  the  table.  After  the  stain  has 
been  removed,  show  each  piece  of  cloth  to  your 
instructor  for  his  approval. 

Silk  .  Wool  .  Rayon  . 
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REMOVAL  OF  COMMON  STAINS 


STAIN 

WASHABLE  FABRIC 

UNWASHABLE  FABRIC 

Blood 

Sponge  with  lukewarm  water.  If  nec¬ 
essary,  bleach  with  sodium  hypochlo¬ 
rite. 

Sponge  with  lukewarm  water.  If  nec¬ 
essary,  bleach  with  hydrogen  peroxide. 

Chewing  gum 

Remove  excess  with  dull  knife.  Sponge 
with  carbon  tetrachloride. 

Same  as  washable. 

Cocoa  and 
chocolate 

Sponge  with  carbon  tetrachloride. 
Wash  in  warm  suds.  If  necessary, 
bleach  with  sodium  hypochlorite. 

Sponge  with  carbon  tetrachloride.  If 
necessary,  bleach  with  hydrogen  per¬ 
oxide. 

Coffee  and  tea 

Pour  boiling  water  through  stain.  Wash 
in  warm  suds.  If  necessary,  bleach 
with  sodium  hypochlorite. 

Sponge  with  lukewarm  water.  Pour 
boiling  water  through  stain.  If  neces¬ 
sary,  bleach  with  hydrogen  peroxide. 

Grass 

Sponge  with  denatured  alcohol.  Wash 
in  warm  suds.  If  necessary,  bleach  with 
sodium  hypochlorite. 

Same  as  washable.  If  necessary,  bleach 
with  hydrogen  peroxide. 

Ice  cream 

Wash  in  warm  suds.  If  necessary, 
bleach  with  sodium  hypochlorite. 

Sponge  with  carbon  tetrachloride. 
Sponge  with  water. 

Fruits  and 
berries 

Same  as  coffee  and  tea. 

Sponge  with  lukewarm  water. 

Iodine 

Sponge  with  denatured  alcohol. 

Same  as  washable. 

Iron  ink  and 
mercurochrome 

Moisten  spot  with  oxalic  acid.  Bleach 
with  sodium  hypochlorite.  Repeat  pro¬ 
cedure  until  removed. 

Moisten  spot  with  oxalic  acid.  Bleach 
with  hydrogen  peroxide.  Repeat  pro¬ 
cedure  until  removed. 

Lipstick 

Sponge  with  carbon  tetrachloride. 
Wash  in  warm  suds.  If  color  still  re¬ 
mains,  moisten  with  oxalic  acid.  Then 
bleach  with  sodium  hypochlorite. 

Sponge  with  carbon  tetrachloride.  If 
color  remains,  moisten  with  oxalic 
acid.  Then  bleach  with  hydrogen  per¬ 
oxide. 

Milk,  cream,  oils, 
grease,  and  wax 

Sponge  with  carbon  tetrachloride. 
Wash  in  warm  suds. 

Sponge  with  carbon  tetrachloride  or 
cover  the  spot  with  Fuller’s  earth. 
After  15  minutes,  remove  with  brush. 

Nail  polish 

Sponge  with  acetone.  If  color  remains, 
moisten  with  oxalic  acid.  Then  bleach 
with  sodium  hypochlorite.  Repeat  if 
necessary. 

Sponge  with  acetone.  If  color  remains, 
moisten  with  oxalic  acid.  Then  bleach 
with  hydrogen  peroxide.  Repeat  if 
necessary. 

Paint 

Sponge  with  turpentine.  Wash  with 
warm  suds.  If  not  removed,  sponge 
with  acetone.  Wash  in  warm  suds. 

Sponge  with  turpentine.  Sponge  with 
carbon  tetrachloride.  If  not  removed, 
sponge  with  acetone. 

Rust 

Moisten  with  oxalic  acid.  Bleach  with 
hydrogen  peroxide.  If  necessary,  re¬ 
peat  the  process. 

Moisten  with  oxalic  acid.  Bleach  with 
hydrogen  peroxide.  If  necessary,  re¬ 
peat  the  process. 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  List  the  common  solvents  for  fats,  oils,  and  waxes.  on. . .^e^raC^ ^or_^.e. f . . ?en" 

tine,  denatured  alcohol 


2.  What  stains  can  be  removed  from  washable  fabrics  with  soap  suds? 

tea,  fruits,  berries,  ice  cream  (also  seme  lipsticks) 


3.  What  purpose  does  oxalic  acid  serve  in  removing  stains? 

them  soluble. 


4.  How  are  dye  stains  removed  from  fabrics? 

hypochlorite.  2.  Uhwashable  -  bleach  with  hydrogen  peroxide. 


5.  What  is  meant  by  a  washable  fabric?  .  Fabric  that  will  not  shrink,  fade,  or 
run  when  washed  with  soap  and  water. 


6.  How  would  you  remove  fat  or  oil  from  a  delicate,  unwashable  fabric? 

carbon  tetrachloride  or  cover  spot  with  fuller’s  earth. 
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7.  Why  should  hydrogen  peroxide  rather  than  sodium  hypochlorite  be  used  to  bleach  silk 
and  wool?  ®^k  and  wool  will  dissolve  in  sodium  hypochlorite. 


8.  How  should  mixed  stains  be  removed  from  fabrics? 

gums,  resins  or  waxes  with  proper  solvent.  Dissolve  sugar  with  water.  Wash 


fabric  in  warm  suds  (if  fabric  is  washable).  Use  oxalic  acid  to  make  stain 


soluble.  Bleach  with  proper  solution  (sodium  hypochlorite  for  cotton  and 


linen,  hydrogen  peroxide  for  silk  and  wool). 


,  r  ■,  .  ,  i  ,  _  Remove  stain  without  injur 

9.  State  the  requirements  tor  a  desirable  spot  remover . .r. . 

ing  fabric.  Be  non-poisonous  and  non-inflammable. 
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How  can  we  best  conserve  our  soil?  What  must  be  done  to  preserve  or  replace  the 
elements  in  the  soil  so  as  to  get  the  largest  yield  from  the  crops  we  plant?  These  ques¬ 
tions  are  important  not  only  to  farmers  but  to  you  as  a  consumer. 

Whether  you  live  in  the  city  or  in  the  country,  you  are  dependent  on  soil  for  most  of  the 
food  that  you  eat.  Soil  furnishes  the  elements  that  help  produce  the  plants  we  use  as  food. 
These  elements  have  accumulated  in  the  soil  for  thousands  of  years,  but  under  the  condi¬ 
tions  of  present-day  intensive  farming  we  cannot  expect  them  to  last  forever.  Elements  are 
taken  from  the  soil  every  time  a  blade  of  grass  is  cut  or  a  kernel  of  wheat  is  harvested.  What 
will  happen  if  these  elements  are  not  replaced? 

Already  there  has  been  a  decided  decrease  in  the  fertility  of  much  of  our  farm  land.  Soil 
that  produced  choice  cotton  a  few  years  ago  now  produces  little  or  nothing.  When  the  prairie 
soil  was  first  plowed  up,  it  produced  forty  bushels  of  wheat  to  the  acre.  Today  some  of  this 
land  yields  less  than  ten  bushels  an  acre.  The  conservation  of  our  soil  is  a  problem  that 
everyone  must  consider! 

You  have  probably  read  about  growing  plants  without  soil.  It  is  true  that  soil  is  not  the 
only  place  in  which  plants  will  grow.  If  proper  plant  foods  are  supplied,  plants  can  be  grown 
in  straw,  cinders,  sand,  and  water  solutions  just  as  well  as  in  soil.  But  the  methods  and 
materials  used  are  too  expensive  to  grow  crops  in  the  quantities  we  need. 

In  this  unit  you  will  learn  how  to  find  out  what  elements  soil  contains  and  if  large  enough 
quantities  of  the  elements  are  present  for  plant  growth.  You  will  also  learn  what  condi¬ 
tions  are  necessary  for  plants  to  grow  and  develop  properly.  When  you  know  what  ele¬ 
ments  soil  lacks,  you  can  supply  them  by  adding  either  natural  or  commercial  fertilizers 
that  contain  these  elements. 
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In  this  unit  you  will  use  many  different  sub¬ 
stances  to  find  out  what  elements  samples  of 
soil  contain.  These  substances  are  called  re¬ 
agents  and  have  been  developed  by  soil  chem¬ 
ists  through  many  experiments.  Most  of  their 
reactions  are  hard  to  express  chemically  and 
also  hard  to  explain.  Though  you  may  not  be 
able  to  explain  the  chemistry  of  each  reaction, 
you  can  get  accurate  results  if  you  follow  the 
directions  carefully. 

For  your  convenience  the  reagents  have 
been  numbered  1,  2,  3,  etc.  In  all  seven  ex¬ 
periments  of  the  unit  these  numbers  will  be 
used  to  refer  to  the  bottles.  The  bottles  should 
be  equipped  with  droppers  so  that  the  proper 
amount  of  reagent  can  be  added. 

All  of  the  soil  tests  depend  on  color  changes 
brought  about  by  the  reagents.  Not  only  do 
the  colors  show  what  elements  the  soil  con¬ 
tains,  but  they  also  show  the  amount  of  each 
element.  You  will  compare  the  colors  in  the 
tests  with  the  colors  on  the  soil  charts.  Be  sure 
to  select  the  color  on  the  chart  that  most 
nearly  agrees  with  the  color  made  by  the  test. 

The  best  time  of  the  year  to  test  soil  is  in  the 
early  spring.  Then  the  results  of  the  tests  will 
show  the  true  condition  of  the  soil  at  the  be¬ 
ginning  of  the  planting  and  growing  season. 
Before  you  can  test  soil,  you  must  take  sam¬ 


ples.  It  is  very  important  to  take  a  representa¬ 
tive  sample  of  the  soil  you  wish  to  test.  Take 
individual  soil  samples  from  different  parts  of 
the  field  or  garden  rather  than  a  mixture  of 
soil  from  the  entire  plot.  Tests  prove  that  the 
quantity  of  elements  varies  considerably  even 
in  the  same  field.  This  is  especially  true  of  soil 
samples  taken  from  low  parts  of  a  field  or  from 
the  side  of  a  hill. 

A  soil  sample  should  be  taken  with  a  spade 
or  soil  auger  to  a  depth  of  about  six  inches. 
Mix  the  soil  sample  thoroughly  and  then  place 
a  handful  of  soil  in  a  paper  bag  or  other  con¬ 
venient  container.  Label  each  sample  so  that 
you  can  identify  it  in  the  tests  that  follow. 

At  the  end  of  the  unit  you  will  find  some 
pages  called  Summary  of  Soil  Tests.  Use  one 
page  to  record  the  information  about  each  soil 
you  test.  Transfer  this  from  the  tables  in  the 
experiments  after  you  complete  the  tests. 

Throughout  this  unit  you  will  test  two  soils, 
Soil  A  and  Soil  B.  You  will  test  each  soil  twice 
to  check  your  results.  Compare  the  color  pro¬ 
duced  by  each  test  with  the  colors  on  the  soil 
charts.  If  the  results  of  the  two  tests  do  not 
agree,  continue  testing  the  same  soil  until  you 
get  two  tests  that  are  similar.  In  a  few  of  the 
tests  you  will  use  soil  samples,  but  in  most  of 
the  others  you  will  use  soil  extracts. 


MAKING  EXTRACTS  OF  THE  SOIL  SAMPLES 

materials  needed  :  Two  soil  samples,  Soil  A  and  Soil  B.  Reagent  No.  1.  Distilled  water. 
Gummed  labels. 

apparatus  needed:  Three  6-inch  test  tubes.  Graduate.  Spoon  that  will  hold  Vi  teaspoon. 
Funnel.  Filter  paper.  Two  corks  to  fit  test  tubes. 


Graduate  a  6-inch  test  tube  by  pouring  ex¬ 
actly  13  ml  of  water  into  it  and  marking  the 
water  level  with  a  label  or  with  a  scratch  from 
a  file.  Fill  the  spoon  level  full  of  Soil  A  and 
put  the  soil  in  the  graduated  test  tube.  Add 
enough  distilled  water  to  fill  the  test  tube  to 
the  13  ml  mark.  Then  add  1  drop  of  Reagent 
No.  1.  Shake  the  solution  for  about  a  minute 
and  then  filter  it  into  a  6-inch  test  tube. 

The  filtered  solution  is  the  soil  extract.  It 
will  be  used  in  the  experiments  that  follow. 
Keep  the  soil  extract  in  a  stoppered  test  tube 
labeled  Soil  Extract  A.  Throw  away  the  soil 
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left  on  the  filter  paper.  Now  make  an  extract 
of  Soil  B  in  the  same  way  and  label  the  stop¬ 
pered  test  tube  Soil  Extract  B. 

Reagent  No.  1  is  a  rather  strong  solution  of 
acetic  acid,  the  acid  in  vinegar.  A  drop  of  it 
is  used  to  make  the  soil  extract  slightly  acid. 
The  soil  extract  contains  only  those  substances 
that  are  readily  soluble  in  water.  Insoluble 
substances  cannot  be  taken  up  by  plant  roots. 

You  are  now  ready  to  test  soils,  using  the 
soil  extracts  and  soil  samples.  To  get  good 
results,  follow  the  directions  in  each  experi¬ 
ment  very  carefully. 


SUGGESTIONS  FOR  TEACHING  UNIT  14 


This  unit  is  somewhat  different  trom  most  others 
in  this  laboratory  workbook  in  that  the  experi¬ 
ments  complement  each  other.  A  complete  quan¬ 
titative  soil  analysis  is  given  in  which  it  is  possible 
for  a  student  to  get  accurate  results  if  directions 
are  followed. 

It  is  not  possible  for  a  student  to  perform  more 
than  one  or  two  of  these  experiments  during  a 
laboratory  period.  Some  time  should  be  used  by 
the  pupil  to  grasp  properly  the  information  given 
and  then  complete  the  information  called  for  in 
the  questions.  Each  student  or  group  should  make 
the  analysis  of  two  soils  (soil  A  and  soil  B). 
Later  on  the  tests  can  be  performed  quite  rapidly. 

OBJECTIVES  OF  THE  UNIT 

1.  To  make  a  complete  soil  analysis  and  deter¬ 
mine  the  deficiencies  or  excessive  amounts  of  fer¬ 
tilizers  in  the  soil  (Exp.  64,  65,  66,  67,  68,  69,  70). 

2.  To  determine  the  pH  of  soil  and  make  rec¬ 
ommendations  for  materials  necessary  to  change 
the  soil  pH  for  specific  crops  (Exp.  64,  68) . 

3.  To  know  the  purpose  of  each  essential  fer¬ 
tilizer  in  plant  growth  and  to  make  specific  recom¬ 
mendations  for  crops  (Exp.  65,  66,  67,  68) . 

4.  To  know  which  elements  must  be  present  in 
soil  in  limited  amounts,  an  excess  of  which  will 
be  very  injurious  (Exp.  69,  70). 

PRINCIPLES  AND  SKILLS  IN  THE  UNIT 

1.  Balancing  chemical  equations  whenever  the 
reactions  are  simple  enough  for  the  students  to 
write  (Exp.  66,  68,  70). 

2.  How  to  read  colorimeter  tests  and  translate 
the  results  into  specific  recommendations  (Exp. 
64,  65,  66,  67,  68,  69,  70). 

3.  Hydrolysis  (Exp.  64,  68) . 

4.  Neutralization  (Exp.  64,  68) . 

5.  Solubility  of  salts  (Exp.  64,  65,  66,  67,  68, 
69,  70). 

HINTS  TO  THE  TEACHER 

The  solutions  necessary  for  these  tests  should  be 
made  up  some  time  in  advance  and  should  be  kept 
in  colored  bottles  equipped  with  droppers.  The 
directions  for  making  these  reagents  are  given  on 
pages  268c  and  d.  (If  very  reliable  results  are  de¬ 
sired,  the  solutions  necessary  for  these  experi¬ 
ments  can  be  purchased  ready  for  use  from  the 
Edwards  Laboratory,  Lansing,  Michigan.) 

The  condensed  directions  for  each  test  should 
be  put  on  the  labels  of  the  reagent  bottles  for  the 
use  of  the  student.  They  will  help  him  use  the  cor¬ 
rect  solutions  in  the  proper  amounts  without  re¬ 
ferring  back  to  the  book  each  time  a  test  is  made. 


The  necessary  testing  solutions  should  be  placed 
on  the  reagent  shelf,  so  that  all  the  students  in  the 
class  have  easy  access  to  them. 


Caution!  Reagent  No.  2  used  for  testing  pH  is 
very  sensitive  to  ammonia  or  acid  fumes  in  the 
laboratory.  It  should  be  stoppered  when  not  in 
use.  This  solution  is  so  sensitive  that  it  is  affected 
by  soda-lime  glass  bottles.  It  must  be  kept  in  a 
Pyrex  container  equipped  with  a  Pyrex  dropping 
tube. 

The  soil  color  charts  should  be  covered  with 
glass,  cellophane,  or  similar  protective  material. 
They  should  be  placed  on  a  desk  or  ledge  at  a  con¬ 
venient  point  in  the  laboratory.  Unless  otherwise 
specified,  soil  charts  should  be  read  as  shown  in 
the  diagram  below. 


A  soil  chart  has  been  provided  for  each  experi¬ 
ment  in  the  unit.  Each  chart  is  numbered  as  well 
as  named.  The  numbers  and  names  correspond  to 
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those  used  in  the  experiments  under  Materials 
Needed.  This  arrangement  should  go  a  long  way 
toward  preventing  confusion  on  the  part  of  the 
student.  Extra  charts  will  be  furnished  for  large 
classes  if  desired.  However,  one  set  should  be 
enough  for  a  class  of  twenty. 

Data  on  the  charts  is  used  with  the  permission 
of  those  mentioned.  Since  some  of  the  bulletins 
given  are  now  out  of  print,  it  would  be  difficult  if 
not  impossible  to  duplicate  the  information  sup¬ 
plied  on  the  charts.  The  utmost  care  has  been  used 
in  preparing  these  soil  charts.  The  data  on  them 
has  been  checked  carefully  against  the  original 
sources.  The  colors  are  as  true  as  it  is  possible  to 
print  in  large  quantities. 

After  a  student  has  completed  the  experiments 
on  soil  analysis,  it  is  possible  for  him  to  make  all 
of  the  tests  on  a  soil  in  a  ninety-minute  laboratory 
period.  The  extra  data  sheets  at  the  end  of  the 
unit  are  for  students  who  wish  to  make  additional 
soil  analyses,  after  they  have  mastered  the  tech¬ 
nique  of  performing  these  tests. 

CHEMICALS  NEEDED  FOR  SOIL  TESTS  BY  FIVE  CLASSES 

50  ml  glacial  acetic  acid 
20  ml  hydrochloric  acid  (C.P.) 

50  ml  nitric  acid  (C.P.) 

1  gm  sulfanilic  acid 
25  ml  sulfuric  acid  (C.P.) 

300  ml  ethyl  alcohol 

250  ml  isopropyl  alcohol  (C.P.) 

.1  gm  alizarin  indicator  (Schultz  No.  778) 

30  gm  ammonium  chloride  (C.P.) 

5  gm  ammonium  molybdate  (C.P.) 


5  gm  ammonium  oxalate  (C.P.) 

.24  gm  aurin 
7  gm  barium  chloride 
.2  gm  benzidine 
.04  gm  bromocresol  green 
25  gm  cobaltous  nitrate 
.03  gm  diphenylamine 
60  gm  magnesium  acetate  (C.P.) 

3  gm  mercuric  chloride  (C.P.) 

1.5  gm  phenol  (U.S.P.) 

15  gm  potassium  hydroxide  pellets  (C.P.) 

5  gm  potassium  iodide 
20  gm  potassium  sulfocyanate 
5  gm  silver  nitrate  (C.P.) 

5  gm  sodium  hydroxide  pellets  (C.P.) 

120  gm  sodium  nitrite 
20  gm  tin,  mossy  (C.P.) 

.15  gm  titan  yellow 
9  gm  uranyl  acetate 

EQUIPMENT  NEEDED  FOR  CLASS  OF  10 

5  evaporating  dishes  (3  in.) 

filter  paper 
5  funnels  (3  in.) 

20  test  tubes  (6  in.  by  %  in.) 

EQUIPMENT  NEEDED  FOR  10  STUDENTS  IN  ONE  OR 
MORE  CLASSES 

2  spoons  (capacity  V2  teaspoonful) 

18  8-oz.  amber  glass  bottles,  equipped  with 
dropper  and  molded  bakelite  cap 
1  500-ml  Pyrex  glass  bottle  equipped  with 
Pyrex  glass  dropper 
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SOIL  TEST  REAGENTS  AND  DIRECTIONS 


Reagent  No.  1  (making  soil  extract) .  Dissolve 
25  gm  glacial  acetic  acid  in  75  ml  of  distilled  water 
(25%  solution) . 

Directions  for  making  soil  extract:  Put  V2  tea¬ 
spoon  of  soil  in  a  6-by-%  in.  test  tube.  Add  dis¬ 
tilled  water  to  13  ml  mark.  Then  add  1  drop  of 
Reagent  No.  1.  Shake  well  and  filter. 

Reagent  No.  2  (pH  test) .  Dissolve  .24  gm  of 
aurin  and  .04  gm  of  bromocresol  green  in  100  ml 
isopropyl  alcohol  (C.P.)  .  Dilute  to  1  liter  with  dis¬ 
tilled  water.  Place  in  Pyrex  bottle. 

Directions  for  pH  test:  Add  8  to  10  drops  of  Re¬ 
agent  No.  2  to  soil  sample  about  the  size  of  3  drops 
of  test  solution.  Compare  with  pH  color  chart. 

Reagent  No.  3  (nitrate  test) .  Dissolve  .03  gm  of 
diphenylamine  in  25  ml  sulfuric  acid  (C.P.).  Cor¬ 
rosive  solution. 

Directions  for  nitrate  test:  To  1  drop  of  soil  ex¬ 
tract  add  6  drops  of  Reagent  No.  3.  Read  results 
on  nitrate  chart  within  five  minutes. 

Reagent  No.  4  (ammonia  test) .  Nessler’s  solu¬ 
tion.  Solution  a:  Dissolve  5  gm  of  potassium  iodide 
in  15  ml  of  distilled  water.  Solution  b:  Dissolve  3 
gm  of  mercuric  chloride  (C.P.)  in  50  ml  of  dis¬ 
tilled  water.  Heat  gently.  Pour  solution  b  into 
solution  a.  Stir  and  filter.  Add  40  ml  of  potassium 
hydroxide  solution  (1  part  potassium  hydroxide  to 
2  parts  of  distilled  water) .  Dilute  to  100  ml. 

Directions  for  ammonia  test:  To  3  drops  of  soil 
extract  add  1  drop  of  Reagent  No.  4  (4a  and  4b). 
Read  results  on  ammonia  chart  within  one  minute. 

Reagent  No.  5  (nitrite  test) .  Lombard’s  solu¬ 
tion.  Dissolve  1  gm  of  sulfanilic  acid  in  100  ml 
of  saturated  ammonium  chloride  solution.  Heat. 
Add  1.5  gm  of  phenol  and  mix  thoroughly. 

Directions  for  nitrite  test:  To  1  ml  of  soil  extract 
add  1  drop  of  Reagent  No.  5  and  shake.  Add  1 
drop  of  Reagent  No.  10,  shake  again,  and  add  3  or 
4  drops  of  Reagent  No.  11a.  Read  results  on  nitrite 
chart  within  one  minute. 

Reagent  No.  6  (phosphorus  test) .  Molybdate 
solution.  Dissolve  5  gm  of  ammonium  molybdate 
(C.P.)  in  50  ml  of  distilled  water.  Warm  solution. 
If  not  clear,  filter.  Slowly  add  solution  to  50  ml 
of  nitric  acid  (C.P.).  Then  add  100  ml  of  distilled 
water.  Corrosive  solution. 

Reagent  No.  7  (phosphorus  test) .  Pieces  of  pure 
tin  about  14  in.  square  or  small  pieces  of  mossy  tin. 

Directions  for  phosphorus  test:  To  1  ml  of  soil 
extract  add  5  drops  of  Reagent  No.  6.  Shake.  Add 
piece  of  tin  (Reagent  No.  7) .  Shake  again.  Read 
results  on  phosphorus  chart  within  thirty  seconds. 

Reagent  No.  8a  (potassium  test).  Solution  1: 
Dissolve  25  gm  of  cobaltous  nitrate  in  50  ml  of  dis¬ 
tilled  water  in  Erlenmeyer  flask.  Add  12.5  ml  of 


glacial  acetic  acid.  Solution  2:  Dissolve  120  gm  of 
sodium  nitrate  in  180  ml  of  distilled  water.  Make 
total  volume  220  ml.  Add  solution  2  to  solution  1. 
Reddish  fumes  will  be  given  off.  They  can  be  re¬ 
moved  by  bubbling  air  through  for  a  few  hours 
with  filter  pump.  When  reddish  gas  is  completely 
removed,  filter  solution  for  use. 

Reagent  No.  8b  (potassium  test) .  Pure  ethyl 
alcohol  (95%)  or  isopropyl  alcohol  (C.P.). 

Directions  for  potassium  test:  To  1  ml  of  soil 
extract  add  3  drops  of  Reagent  No.  8a.  Shake. 
Slowly  add  1  ml  of  Reagent  No.  8b.  Shake  again. 
Read  results  on  potassium  chart  in  one  minute. 

Reagent  No.  9  (calcium  test) .  Add  5  gm  of  am¬ 
monium  oxalate  to»100  ml  of  distilled  water.  This 
solution  should  be  saturated.  If  crystals  are  not 
present,  add  more  ammonium  oxalate. 

Directions  for  calcium  test:  To  1  ml  of  soil  ex¬ 
tract  add  2  drops  of  Reagent  No.  9.  Read  results 
on  calcium  chart  within  one  minute. 

Reagent  No.  10  (carbonate  test).  25%  hydro¬ 
chloric  acid  solution.  Dissolve  20  ml  of  hydro¬ 
chloric  acid  (C.P.)  in  60  ml  of  water. 

Directions  for  carbonate  test:  To  V2  teaspoon  of 
soil  in  evaporating  dish  add  5  to  10  drops  of  Re¬ 
agent  No.  10.  If  a  gas  is  liberated,  carbonates  are 
present. 

Reagent  No.  11a  (magnesium  test).  Dissolve  5 
gm  of  sodium  hydroxide  pellets  (C.P.)  in  100  ml 
of  distilled  water. 

Reagent  No.  lib  (magnesium  test) .  Dissolve  .15 
gm  of  titan  yellow  in  a  mixture  of  75  ml  of  ethyl 
(or  isopropyl)  alcohol  and  25  ml  of  distilled  water. 

Directions  for  magnesium  test:  To  1  ml  of  soil 
extract  add  1  drop  of  Reagent  No.  11a.  Shake. 
Add  1  drop  of  Reagent  No.  lib.  Read  results  on 
magnesium  chart  within  thirty  seconds. 

Reagent  No.  12  (aluminum  test) .  Dissolve  .1  gm 
of  alizarin  indicator  (Schultz  No.  778)  in  100  ml 
of  ethyl  (or  isopropyl)  alcohol. 

Directions  for  aluminum  test:  To  1  ml  of  soil 
extract  add  1  drop  of  Reagent  No.  11a.  Shake  and 
add  1  drop  of  Reagent  No.  12.  Shake  again.  Add 
1  drop  of  Reagent  No.  1.  Read  results  on  alumi¬ 
num  color  chart  within  one  minute. 

Reagent  No.  13  (iron  test).  Dissolve  20  gm  of 
potassium  sulfocyanate  in  100  ml  of  distilled 
water.  Poisonous  solution. 

Directions  for  iron  test:  To  1  ml  of  soil  extract 
add  2  drops  of  Reagent  No.  13.  Shake.  Add  1  ml 
of  Reagent  No.  10.  Read  results  on  iron  chart 
within  five  to  ten  minutes. 

Reagent  No.  14  (manganese  test).  Dissolve  .2 
gm  of  benzidine  in  75  ml  of  ethyl  (or  isopropyl) 
alcohol  and  25  ml  of  distilled  water. 
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Directions  for  manganese  test:  To  1  ml  of  soil 
extract  add  1  drop  of  Reagent  No.  11a.  Shake. 
Add  1  drop  of  Reagent  No.  14.  Shake  thoroughly. 
Add  1  drop  of  Reagent  No.  1.  Read  results  on 
manganese  chart  immediately. 

Reagent  No.  15  (sulfate  test).  Dissolve  7  gm  of 
barium  chloride  in  100  ml  of  distilled  water. 

Directions  for  sulfate  test:  To  1  ml  of  soil  ex¬ 
tract  add  1  drop  of  Reagent  No.  15.  If  precipitate 
forms,  add  1  or  2  drops  of  Reagent  No.  1.  Read 
results  on  sulfate  chart  within  one  minute. 

Reagent  No.  16  (chloride  test).  Dissolve  5  gm 
of  silver  nitrate  crystals  in  100  ml  of  distilled 
water.  Poisonous  solution. 

Directions  for  chloride  test:  To  1  ml  of  soil  ex¬ 
tract  add  1  drop  of  Reagent  No.  16.  If  precipitate 


forms,  add  1  or  2  drops  of  Reagent  No.  1.  Read 
results  on  chloride  chart  within  one  minute. 

Reagent  No.  17  (sodium  test).  Solution  1:  Dis¬ 
solve  9  gm  of  uranyl  acetate  and  6  gm  of  glacial 
acetic  acid  in  distilled  water.  Make  the  total  vol¬ 
ume  100  ml.  Solution  2:  Dissolve  60  gm  of  mag¬ 
nesium  acetate  crystals  and  6  gm  of  glacial  acetic 
acid  in  distilled  water  at  70°  C.  Make  the  total 
volume  100  ml.  Mix  solutions  1  and  2  and  cool  to 
20°  C.  Let  the  solution  stand.  Then  filter. 

Directions  for  sodium  test:  To  1  ml  of  soil  ex¬ 
tract  add  1  ml  of  Reagent  No.  17.  Shake.  Add  1 
ml  of  Reagent  No.  8b.  Shake  vigorously.  Stir  with 
glass  rod.  Notice  the  amount  of  precipitate  formed. 
The  more  precipitate,  the  higher  is  the  sodium 
content. 
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64 


RATING 


Experiment  64 


Is  your  soil  acid ,  alkaline ,  or  neutral? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


The  proper  type  of  soil  is  important  for 
growing  plants.  Some  plants  require  an  acid 
soil,  some  prefer  soil  that  is  neutral,  and  still 
others  thrive  only  in  soil  that  is  alkaline. 

Chemists  use  the  symbol  pH  to  show  the 
acid  or  alkaline  condition  that  exists  in  any 
substance.  This  symbol  refers  to  the  concen¬ 
tration  of  the  hydrogen  ion.  The  neutral  point 
is  pH  7.  It  indicates  a  condition  in  which  a 


substance  is  neither  acid  nor  alkaline.  If  the 
pH  number  increases  to  8,  9,  etc.,  there  is  an 
increase  in  the  alkalinity.  On  the  other  hand, 
if  the  pH  number  decreases  to  6,  5,  etc.,  there 
is  an  increase  in  the  acidity. 

The  lower  the  number,  the  more  acid  is  the 
substance;  the  higher  the  number,  the  more 
alkaline  it  is.  This  is  best  shown  in  the  dia¬ 
gram  below. 


Crops  cannot  be  grown  in  soil  that  is  either 
too  acid  or  too  alkaline.  For  example,  pH  3  is 
too  acid  to  permit  the  growth  of  most  plants. 
Likewise  pH  9  is  too  alkaline.  Crops  of  com¬ 
mercial  value  are  not  grown  at  either  of  the 
extremes. 


Acid  soils  usually  contain  considerable 
quantities  of  water-soluble  compounds  of 
phosphorus,  iron,  and  aluminum,  while  alka¬ 
line  soils  do  not  contain  many  of  them.  Alka¬ 
line  soils  contain  more  potassium  compounds 
(potash)  than  do  acid  soils. 
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You  can  neutralize  an  acid  soil  by  adding 
powdered  limestone  [CaCO;!]  or  hydrated 
(slaked)  lime  [Ca(OH)2].  An  alkaline  soil 
can  be  made  acid  by  adding  powdered  alumi¬ 
num  sulfate  [Al2(S04)3]  or  a  muck  soil.  Am¬ 
monium  sulfate  [(NH4)2S04]  is  an  acid 
fertilizer  that  contains  nitrogen.  If  the  nitro¬ 
gen  content  of  the  soil  is  already  high,  you  can 
use  aluminum  sulfate  instead. 

Most  weeds  will  not  thrive  in  a  soil  below 
pH  5.5.  The  soil  chart  shows  what  plants  will 
grow  in  a  soil  of  this  type. 

Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  pH  color  chart  (Soil  Chart 
No.  1). 

Chemistry  and  Its  Wonders,  pp.  146-147,  364- 
365,  672 

Chemistry  and  You.  pp.  196-197,  211-214,  583, 
585,  589,  604 

Chemistry  at  Work.  pp.  242,  259,  293,  381-383, 
522,  532-533,  556-557 

1.  Name  two  shrubs  and  two  flowers  that  g 

flowers  should  be  pH  5  or  below.  See 


Chemistry  for  Secondary  Schools,  pp.  130-131, 
223,  254,  403,  413,  419,  423,  478 

Chemistry  in  Use.  pp.  271-273,  631-632,  649- 
650 

Dynamic  Chemistry,  pp.  240,  390-395,  411-413, 
765-767 

First  Book  in  Chemistry,  pp.  50,  194-195,  211, 
244,  383,  385,  431 

First  Principles  of  Chemistry,  pp.  259,  302, 
332,  487,  495,  526 

First  Year  of  Chemistry,  pp.  107,  181,  242,  258, 
260-261,  309,  420,  450 

Modern  Chemistry,  pp.  213,  259,  355,  370-372, 
529,  536,  577-582,  584 

Modern  Everyday  Chemistry,  pp.  245,  266, 
270,  293-296,  331-333,  416 

Modern-Life  Chemistry,  pp.  219-220,  388,  414- 
419,  478 

New  Practical  Chemistry,  pp.  150,  343,  366, 
396,  401 

New  World  of  Chemistry,  pp.  227,  256,  260- 
261,  272,  497,  514-515 

n  •  . i  -1  (Shrubs  and 

v  well  in  rather  acid  soil.  . . 

5il  Chart  No.  1. ) 


2. 


Name  two  shrubs  and  two  flowers  that  require  an  alkaline  soil. 


(Shrubs  and 


flowers  should  be  pH  7  or  higher.  See  Soil  Chart  No.  1. ) 


8  0 

3.  What  is  the  most  alkaline  soil  that  ordinary  plants  will  thrive  in?  pH  . 

4.  What  fertilizer  is  often  used  to  increase  the  acidity  and  nitrogen  content  of  soil?  . 

Ammonium  sulfate 

5.  Will  a  muck  soil,  or  one  covered  with  water  for  considerable  periods  of  time,  be  acid  or 


alkaline? 


Acid 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Two  soil  samples,  Soil  A  and  Soil  B.  Reagent  No.  2.  Soil  Chart  No.  1 
(pH  color  chart). 

apparatus  needed:  Paraffin  paper  or  evaporating  dish.  Toothpick. 


In  this  experiment  you  are  going  to  find  out 
if  the  soils  you  are  testing  are  acid  or  alkaline. 
Reagent  No.  2  not  only  shows  this  but  also  the 
amount  of  acidity  or  alkalinity.  Be  sure  to 
keep  this  test  solution,  which  is  yellow  in 


color,  well  stoppered  when  not  in  use  to  pre¬ 
vent  it  from  absorbing  gases  in  the  laboratory. 
Any  fumes  of  ammonia  or  hydrochloric  acid 
will  affect  Reagent  No.  2,  since  it  is  very  sensi¬ 
tive. 
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DATE 


PERIOD 


Use  an  evaporating  dish  or  strip  of  paraffin 
paper  (3/4  by  3  inches  long)  folded  so  that 
about  14  inch  of  the  outer  edge  can  be  opened 
in  the  shape  of  a  small  boat.  Put  a  sample  of 
soil  (equal  in  size  to  about  3  drops  of  liquid) 
in  the  evaporating  dish  or  paper  boat.  Add  8 
to  10  drops  of  Reagent  No.  2  to  the  soil  sample. 
Tilt  the  dish  or  boat  sidewise  until  the  color 
of  the  liquid  shows  no  further  change.  ( If  you 
use  an  evaporating  dish,  tilt  it  to  one  side  and 
allow  the  liquid  free  from  soil  to  flow  to  a 
clean  part  of  the  dish. ) 

Compare  the  color  that  develops  with  the 
color  on  the  pH  chart  and  determine  the  pH  of 
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RATING 

the  soil.  If  the  liquid  is  not  clear  enough  for 
an  accurate  reading,  allow  the  soil  particles  to 
settle.  Too  large  a  sample  of  soil  often  in¬ 
creases  the  cloudiness  of  the  solution.  Record 
your  results  in  the  table. 

When  you  have  completed  your  two  tests  on 
each  soil,  fill  in  the  last  two  columns  of  the 
table.  Your  instructor  will  tell  you  what  crop 
is  to  be  raised. 

In  the  last  column  indicate  whether  or  not 
the  soil  is  satisfactory  for  this  crop.  If  it  is  not 
satisfactory,  tell  what  should  be  added  to  the 
soil  to  make  it  so.  If  the  soil  is  too  acid,  refer 
to  Experiment  68. 


SOIL  SAMPLE 

pH 

CROP  TO  BE  RAISED 

RECOMMENDATIONS 

1st  trial 

2nd  trial 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  What  will  be  the  pH  of  a  neutral  soil?  pH . 1*9. .  (b)  An  alkaline  soil? 

pH . X-.I.  UP .  (c)  An  acid  soil?  pH  . 

2.  (a)  What  causes  an  acid  soil?  (Answers  may  vary.)  Poor  drainage .  Decay  of . 

vegetable  matter.  Sulfates  of  aluminum,  iron,  and  ammonia. 


b)  An  alkaline  soil?  (Answers  may  vary.  )  .Ijjne  and  limestone  in  light  soil. 
Substances  whose  water  solutions  liberate  hydroxyl  ions . 


3. 


How  may  acid  soils  be  made  alkaline? 


By  adding  lime  or  limestone. 


Alkaline 


4.  What  type  of  soil  will  contain  the  most  potassium  compounds? 
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5.  (a)  Name  the  color  the  soil  solution  will  be  when  it  is  too  acid.  . . 

b)  Too  alkaline.  .Y.f.™™. . 

6.  Give  the  pH  in  which  lawn  grasses  thrive  best.  pH . . 

7.  (a)  What  pH  should  a  lawn  soil  have  to  check  the  growth  of  dandelions?  pH 

(b)  What  fertilizer  should  be  added  to  bring  about  this  pH? . 

(or  aluminum  sulfate  if  nitrogen  content  is  high  enough) 
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Experiment  65 

Can  your  soil  produce  plants  that  are  green  and  healthy? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Do  you  like  spinach?  Whether  you  do  or  not 
may  depend  to  some  extent  on  the  kind  of 
spinach  you  have  eaten.  The  best  quality  has 
tender  leaves  with  rich  green  coloring.  The 
well-developed  leaves  are  a  sign  of  health. 
This  is  just  as  true  of  other  plants  as  it  is  of 
spinach.  Nitrogen  is  the  element  largely  re¬ 
sponsible  for  this  development  of  leaves. 

Decayed  plant  and  animal  substances  con¬ 
taining  proteins  furnish  nitrogen  to  the  soil. 
Bacteria  change  decaying  proteins  to  ammo¬ 
nium  compounds  that  are  immediately  avail¬ 
able  for  plant  use.  Leguminous  plants,  such 
as  beans,  peas,  clover,  and  alfalfa,  also  im¬ 
prove  the  nitrogen  content  of  the  soil.  Certain 
bacteria  enter  the  roots  of  these  plants  and 
form  tiny  swellings  on  them.  The  bacteria  can 
take  free  nitrogen  from  the  air  in  soil  and 
make  it  into  compounds  that  plants  can  use. 

Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  nitrogen  color  chart  (Soil 
Chart  No.  2). 


Chemistry  and  Its  Wonders,  pp.  133-138,  143- 
144,  663-666 

Chemistry  and  You.  pp.  363-368,  369,  376,  388, 
584,  586-590 

Chemistry  at  Work.  pp.  269-270,  383,  454,  535 
Chemistry  for  Secondary  Schools,  pp.  218- 
220,  229,  238-240,  253-254,  406 
Chemistry  in  Use.  pp.  6-7,  632-643 
Dynamic  Chemistry,  pp.  240,  252,  254,  378 
First  Book  in  Chemistry,  pp.  165-166,  217,  228- 
229,  236,  252 

First  Principles  of  Chemistry,  pp.  304,  306, 
319,  320,  327,  332,  342-344 
First  Year  of  Chemistry,  pp.  118-119,  280-282, 
286-288 

Modern  Chemistry,  pp.  231-235,  579-580,  582, 
583-586 

Modern  Everyday  Chemistry,  pp.  332-337 
Modern-Life  Chemistry,  pp.  388,  419-425 
New  Practical  Chemistry,  pp.  287,  295,  301, 
307-309 

New  World  of  Chemistry,  pp.  272,  275,  277, 
281,  284-285,  489-491,  495,  497-499 


1.  Tell  how  nitrogen  compounds  influence  the  development  of  plants. 

green  color  in  leaves.  Help  development  of  leaves. 


0  ,T  i  -i  ,  Beans,  peas,  clover,  alfalfa  (also  peanuts, 

2.  Name  some  leguminous  plants . 5. . :. . : . .. . ... . . 

soybeans,  covpeas,  etc.) 

3.  How  will  a  crop  of  soybeans  affect  the  nitrogen  content  of  soil? 

content  of  soil. 

4.  Account  for  the  fact  that  some  wet,  mucky  soils  may  have  a  high  nitrogen  content.  „ 

Contain  decayed  vegetable  matter,  such  as  leaves  and  stems,  that  adds  to 

nitrogen  content. 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed:  Soil  Extracts  A  and  B.  Reagents  No.  3,  4a,  4b,  5,  10,  and  11a.  Distilled 
water.  Soil  Chart  No.  2  (nitrogen  color  chart). 

apparatus  needed  :  Evaporating  dish  or  porcelain  test  plate.  Medicine  dropper.  Glass  stirring 
rod.  6-by-%-inch  test  tube.  Graduate  or  1  ml  pipette. 


Nitrogen  may  be  present  in  the  soil  in  ni¬ 
trates,  nitrites,  and  ammonium  compounds.  In 
this  experiment  you  will  test  each  soil  for  each 
of  these  three  classes  of  nitrogen  compounds. 
Then  you  will  add  together  the  weights  of 
all  the  nitrogen  present  to  find  the  total  weight 
of  nitrogen  available  for  plant  use. 

a.  Testing  for  nitrates.  With  a  medicine  drop¬ 
per  put  1  drop  of  soil  extract  in  an  evaporating 
dish  or  porcelain  test  plate.  Then  add  6  drops 
of  Reagent  No.  3.  Stir  with  a  glass  rod.  Read 
your  results  within  five  minutes  on  the  nitrate 
color  chart.  Record  your  results  in  the  table. 

If  the  blue  color  is  deeper  than  the  darkest 
color  on  the  chart,  repeat  the  test  after  adding 
4  drops  of  distilled  water  to  the  1  drop  of  soil 
extract.  (The  solution  is  now  diluted  five 
times.  Therefore,  the  results  must  be  multi¬ 
plied  by  5. )  If  you  still  cannot  read  the  result 
on  the  chart,  repeat  the  test  after  adding  9 
drops  of  distilled  water.  (The  solution  is  di¬ 
luted  ten  times;  so  multiply  your  results  by 


10. )  To  get  accurate  results,  be  sure  to  use  the 
medicine  dropper  only  in  the  soil  extract. 

b.  Testing  for  nitrites.  Put  1  ml  of  soil  extract 
in  a  6-inch  test  tube.  Add  1  drop  of  Reagent 
No.  5  and  shake  the  mixture.  Then  add  1  drop 
of  Reagent  No.  10,  shake  again,  and  add  3  or  4 
drops  of  Reagent  No.  11a.  The  yellow  color 
that  develops  indicates  varying  quantities  of 
nitrites.  Read  the  results  within  one  minute 
on  the  nitrite  color  chart.  Hold  the  bottom  of 
the  test  tube  beside  the  colors  on  the  chart 
and  pick  out  the  color  that  the  solution  in 
the  test  tube  most  nearly  matches.  Record 
your  results  in  the  table.  The  nitrite  content 
of  soil  should  be  low  because  a  medium  or  high 
quantity  of  nitrites  is  injurious  to  most  plants. 

c.  Testing  for  ammonia.  Place  3  drops  of  soil 
extract  on  a  porcelain  test  plate  or  evaporating 
dish  and  add  1  drop  of  Reagent  No.  4.  Since 
the  color  develops  rapidly,  you  must  read  your 
results  on  the  ammonia  color  chart  within  one 
minute.  Record  your  results  in  the  table. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF 

NITRATES 

LB.  PER  ACRE  OF 

NITRITES 

LB.  PER  ACRE  OF 

AMMONIA 

TOTAL  LB.  PER  ACRE  OF 

AVAILABLE  NITROGEN 

1st  TRIAL 

2nd  TRIAL 

1st  TRIAL 

2ND  TRIAL 

1st  TRIAL 

2nd  TRIAL 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 


1.  (a)  Is  Soil  A  high,  medium,  or  low  in  nitrogen? .  (b)  Soil  B? . 

2.  (a)  How  much  nitrogen  must  be  added  to  each  acre  of  Soil  A  so  that  it  will  have  nitrogen 

enough  for  all  crops?  .  (b)  Soil  B?  . 

3.  Why  should  the  nitrite  content  of  soil  be  kept  low? 
tent  injurious  to  most  plants. 
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Experiment  66 

Will  your  soil  produce  well-rooted  plants? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


A  well-developed  root  structure  in  plants  is 
necessary  to  produce  good  crops.  Compounds 
of  phosphorus  and  potassium  seem  to  be  the 
most  important  in  root  development.  Besides 
stimulating  root  growth,  phosphorus  hastens 
the  maturity  of  the  crop. 

Barnyard  manure  and  commercial  or  “com¬ 
plete”  fertilizers  contain  phosphorus.  It  is  also 
present  in  the  soil  in  the  form  of  rock  phos¬ 
phate  [Ca3(P04)2]  and  superphosphate  of 
lime  [Ca(H2P04)2].  Since  rock  phosphate  is 
not  very  soluble  in  water,  it  is  not  readily 
available  for  plant  use. 

However,  if  the  pH  of  the  soil  is  below  7  ( an 
acid  soil ) ,  the  acid  condition  will  release  some 
soluble  phosphates  from  the  rock  phosphate 
and  make  them  available  for  plants.  Super¬ 
phosphate  of  lime  is  made  by  treating  the 
phosphate  rock  with  sulfuric  acid.  Since  it  is 
soluble  in  water,  it  can  be  used  by  plants  as 
soon  as  it  is  applied. 

1.  Show  by  an  equation  how  rock  phosphate 


Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  phosphorus  color  chart  (Soil 
Chart  No.  3). 

Chemistry  and  Its  Wonders,  pp.  285-286,  667 
Chemistry  and  You.  pp.  584,  590-591 
Chemistry  at  Work.  pp.  374,  383-385 
Chemistry  for  Secondary  Schools,  pp.  252-254 
Chemistry  in  Use.  pp.  8,  262,  633,  643 
Dynamic  Chemistry,  pp.  261,  765-767 
First  Book  in  Chemistry,  pp.  463-468 
First  Principles  of  Chemistry,  pp.  383,  501, 
517 

First  Year  of  Chemistry,  pp.  307-308 
Modern  Chemistry,  pp.  441,  446-448,  579-580, 
582-583,  586-587 

Modern  Everyday  Chemistry,  pp.  48,  283,  333- 
334,  348 

Modern-Life  Chemistry,  pp.  408,  422,  426-427 
New  Practical  Chemistry,  pp.  364-366 
New  World  of  Chemistry,  pp.  335,  489,  518 

reacts  with  sulfuric  acid. 


Ca^(P0^.)  *v  2H2SQ4. —V  CafH^POi,.^  4  2CaS0^4^ 

2.  What  is  superphosphate  of  lime?  . .^-9^. . . _( 9.r_ . .  “. 

Ca(EgPQk)2  (and  Insoluble  calcium  sulfate). 


3.  Name  the  phosphate  of  calcium  most  soluble  in  water.  .®.^l^?Pk?sp^te . 

4.  Name  three  garden  crops  that  require  a  very  high  phosphate  content  in  the  soil  to  grow 

well  (S00  So11  Chart  No.  3.) 

5.  How  do  phosphates  help  in  the  proper  development  of  plants? 

Hasten  maturity  of  crop. 

6.  Does  an  acid  or  alkaline  condition  of  the  soil  make  the  larger  quantity  of  phosphates  avail- 

able  for  plant  use?  . Ac.5i .  Why?  Reaote.  with  roclt  to  fotm . 

superphosphate  of  lime . 
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EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Soil  Extracts  A  and  B.  Reagents  No.  6  and  7.  Distilled  water.  Soil  Chart 
No.  3  (phosphorus  color  chart). 

apparatus  needed:  6-by-%-inch  test  tube.  Graduate  or  1  ml  pipette. 


In  this  experiment  you  are  going  to  test  for 
phosphorus.  Arsenic  sprays  interfere  with  the 
phosphorus  test.  Therefore,  your  results  will 
not  be  accurate  for  soils  where  arsenic  sprays 
have  been  used.  Reagent  No.  6  is  an  acid  solu¬ 
tion  of  ammonium  molybdate.  It  is  commonly 
used  to  test  phosphates.  Reagent  No.  7  is  tin. 

Put  1  ml  of  soil  extract  in  a  6-inch  test  tube 
and  add  5  drops  of  Reagent  No.  6.  Shake  the 
mixture  and  then  put  a  piece  of  tin  (Reagent 
No.  7)  in  it.  Shake  the  solution  again.  Read 
the  results  on  the  phosphorus  color  chart  with¬ 
in  thirty  seconds,  since  the  color  that  develops 
will  gradually  begin  to  fade.  Record  your  re¬ 
sults  in  the  table. 


If  the  phosphorus  content  is  too  high  to  read 
on  the  color  chart,  repeat  the  test  after  dilut¬ 
ing  the  soil  extract  with  two  or  three  times  the 
amount  of  distilled  water.  (You  will  have  to 
multiply  your  reading  by  2  or  3,  according  to 
the  number  of  times  the  soil  extract  was 
diluted. ) 

Now  fill  in  the  last  two  columns  of  the  table. 
Your  instructor  will  give  you  the  information 
about  the  crop  to  be  raised. 

In  the  last  column  indicate  whether  or  not 
the  phosphorus  content  of  the  soil  is  satisfac¬ 
tory.  If  it  is  not  satisfactory,  tell  how  many 
pounds  per  acre  of  phosphorus  should  be 
added  to  the  soil. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF  AVAILABLE 

PHOSPHORUS 

CROP  TO  BE  RAISED 

RECOMMENDATIONS 

1st  TRIAL 

2nd  TRIAL 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Were  there  enough  phosphates  for  the  crop  to  be  raised  in  the  soils  tested?  Soil  A . 

Soil  B  . 

2.  Phosphorus  in  commercial  fertilizer  is  usually  calculated  as  phosphoric  acid.  This  is 
shown  on  the  bag  as  phosphorus  pentoxide  [P2Os],  which  forms  phosphoric  acid  [H3P04] 
when  it  comes  in  contact  with  water.  How  many  pounds  of  P203  can  be  formed  from  40  pounds 

of  phosphorus?  Show  your  calculations.  ^  . 

Mol.  vt.  P2O5  is  142.  142  i  62  x  40  lb.  =  91.6  lb. 


3.  Name  some  grasses  that  will  grow  well  in  a  soil  with  a  low  phosphorus  content. 

Soil  Chart  No.  5«)  Bent  grasses,  red  top,  sweet  clover,  timothy 


(See 
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Experiment  67 


Will  plants  mature  properly  in  your  soil? 


PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Have  you  ever  seen  grain  that  was  chaffy? 
Or  have  you  seen  a  field  of  wheat,  corn,  or  oats 
in  which  the  plants  have  fallen  to  the  ground 
because  of  a  small  windstorm?  These  things 
may  happen  to  plants  that  lack  potassium. 

Many  plants  need  relatively  large  quantities 
of  potassium.  When  white  or  yellowish  spots 
form  on  the  edges  of  the  leaves  of  some  plants, 
the  soil  lacks  enough  potassium.  This  lack 
does  not  seem  to  stunt  the  early  growth  of 
plants,  but  it  will  result  in  little  or  no  seed 
formation  later  on.  Like  phosphorus,  potas¬ 
sium  is  also  important  for  root  development. 

Potassium  is  one  of  the  three  elements  abso¬ 
lutely  essential  for  proper  plant  growth.  The 
other  two  are  nitrogen  and  phosphorus.  Small 
quantities  of  certain  other  elements  are  also 
needed,  but  none  of  them  compares  in  impor¬ 
tance  with  the  three  just  mentioned. 

When  the  analysis  of  a  fertilizer  is  given  on 
the  bag,  the  percentage  of  potash  [K20]  is  in¬ 
dicated  rather  than  the  percentage  of  pure 
potassium.  However,  the  color  chart  used  in 
this  experiment  gives  the  number  of  pounds 
per  acre  of  pure  potassium.  If  you  look  at  a 
bag  of  fertilizer,  you  will  see  that  the  analysis 


lists  the  elements  in  the  order  in  which  you  are 
testing  for  them,  that  is,  nitrogen,  phosphorus, 
and  then  potassium  (as  potash).  Although 
potassium  does  occur  in  soils  in  rather  com¬ 
plex  form  in  granite,  feldspar,  clay,  and  hu¬ 
mus,  you  must  remember  that  growing  plants 
can  use  only  soluble  potassium. 

Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  potassium  color  chart  (Soil 
Chart  No.  4). 

Chemistry  and  Its  Wonders,  pp.  258,  670-672 
Chemistry  and  You.  pp.  584,  591-593,  738 
Chemistry  at  Work.  pp.  383,  386-387 
Chemistry  for  Secondary  Schools,  pp.  406-407 
Chemistry  in  Use.  pp.  5-7,  633,  645-647 
Dynamic  Chemistry,  pp.  382-383 
First  Book  in  Chemistry,  pp.  173-175 
First  Principles  of  Chemistry,  pp.  305,  306- 

307,  344 

First  Year  of  Chemistry,  pp.  408-409 
Modern  Chemistry,  pp.  521,  579-583,  587-589 
Modern  Everyday  Chemistry,  pp.  332-334 
Modern-Life  Chemistry,  pp.  419-422,  427,  462 
New  Practical  Chemistry,  pp.  345-347 
New  World  of  Chemistry,  pp.  489-497 


1.  Name  the  compound  of  potassium  commonly  used  to  calculate  the  potassium  present  in 

fertilizers  (potassium  oxide) 

2.  How  could  you  recognize  a  lack  of  potassium  in  the  soil  by  examining  the  plants  grow¬ 
ing  in  it?  or  y®Hcw  spots  on  leaf  edges.  Grain  fallen  because  of  weak 


root  structure. 

3.  The  analysis  on  a  bag  of  fertilizer  shows  a  percentage  of  4-12-4.  What  element  is  repre- 

sented  by  each  number?  * -nitrogen  12 -phosphorus  b-potaeeJum  (as  potash)  . 

4.  If  a  soil  has  been  acid  for  some  time,  will  the  potassium  content  be  high  or  low  as  a  result 

,  ..  ,.x.  0  Low  TTTi  o  Acid  soil  will  not  dissolve  complex  potassium 

of  the  acid  condition:  .  Why:  . . . r. . 

compounds . 
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EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed  :  Soil  Extracts  A  and  B.  Reagents  No.  8a  and  8b.  Distilled  water.  Soil  Chart 
No.  4  (potassium  color  chart). 

apparatus  needed:  6-by-%-inch  test  tube.  Graduate  or  1  ml  pipette. 


If  you  found  large  quantities  of  ammonia  in 
Experiment  65,  the  results  of  this  test  will  not 
be  accurate.  Some  potassium  fertilizer  must 
be  added  if  a  low  or  negative  test  is  found  in 
either  of  the  soils.  Wood  ashes  or  a  commer¬ 
cial  fertilizer  with  a  high  potassium  content 
will  make  up  for  the  lack. 

Put  1  ml  of  soil  extract  in  a  6-inch  test  tube 
and  add  3  drops  of  Reagent  No.  8a.  Shake  the 
mixture.  Slowly  add  1  ml  of  Reagent  No.  8b. 
A  yellow  precipitate  indicates  the  presence  of 
potassium.  Read  the  results  of  the  test  within 
one  minute.  Hold  the  bottom  of  the  test  tube 
on  the  black  base  color.  Then  look  down 


through  the  precipitate  in  the  test  tube  and 
match  it  with  one  of  the  colors  on  the  chart. 
( If  the  color  in  the  test  tube  is  too  deep  for  the 
color  chart,  use  Yz  ml  of  soil  extract  and  Vz  ml 
of  distilled  water.  Then  multiply  your  reading 
on  the  potassium  color  chart  by  2.)  Record 
your  results  in  the  table. 

Now  fill  in  the  last  two  columns  of  the  table. 
Your  instructor  will  give  you  information 
about  the  crop  to  be  raised. 

In  the  last  column  state  whether  or  not  the 
potassium  content  is  satisfactory.  If  it  is  not, 
tell  how  many  pounds  per  acre  of  potassium 
should  be  added. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF  AVAILABLE 

POTASSIUM 

CROP  TO  BE  RAISED 

RECOMMENDATIONS 

1st  TRIAL 

2ND  TRIAL 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  If  a  soil  test  showed  40  pounds  of  available  potassium  per  acre,  how  many  pounds  of  16% 
potash  [KoO]  fertilizer  must  be  added  to  increase  the  available  potassium  to  160  pounds  per 

acre?  lbT. .  Show  your  calculations.  i.6.°  40  -  120  Potaeeium  to  be . 

added.  At.  vt.  2K  (in  KgO )  is  78.  Mol.  vt.  KgO  is  9^.  78  r  9^  X  100  =  83^ 

K  in  KgO.  In  16#  potash  fertilizer  13 .28#  K  (l6£  of  83).  120  *.1328=  905-6 


lb.  per  acre. 

2.  Why  are  wood  ashes  used  as  a  source  of  potassium,  while  coal  ashes  are  not? 

taesium  compounds  in  coal,  but  burning  wood  leaves  them  in  ashes. 


3.  Name  the  elements  necessary  for  proper  root  development. 
(also  nitrogen  to  seme  extent) 
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Experiment  68 

How  can  you  neutralize  acid  soils? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


Were  the  soils  you  tested  in  Experiment  64 
too  acid  for  the  crops  to  be  raised  on  them? 
If  so,  how  can  you  make  them  more  alkaline? 

Adding  powdered  limestone  or  hydrated 
(slaked)  lime  in  proper  amounts  will  usually 
correct  most  acid  soils.  Limestone  is  usually  a 
mixture  of  calcium  carbonate  and  magnesium 
carbonate.  Since  calcium  is  necessary  for 
plant  growth,  it  must  be  considered  a  fertil¬ 
izer.  Acids  in  soil  react  with  powdered  lime¬ 
stone  and  give  off  carbon-dioxide  gas.  Fairly 
acid  soils  will  probably  show  no  more  than  a 
trace  of  carbonates,  although  a  rather  high  cal¬ 
cium  content  may  be  found.  There  is  usually 
enough  calcium  in  the  soil  for  plants.  To  help 
produce  the  green  chlorophyll  in  the  leaves  of 
plants,  the  soil  must  also  contain  magnesium 
compounds.  However,  forty  pounds  per  acre 
of  magnesium  is  enough. 

Varying  amounts  of  powdered  limestone  are 
needed  to  “sweeten,”  or  neutralize,  soils  with 
different  degrees  of  acidity.  Muck  soils,  which 
have  been  poorly  drained  for  years,  require 
more  limestone  to  sweeten  them  than  other 
types  of  soil  with  the  same  pH.  For  example, 
an  acre  of  muck  soil  with  pH  4  will  require 
from  three  to  six  tons  of  limestone  to  neutral¬ 
ize  it,  although  other  types  with  the  same  pH 
require  only  two  or  three  tons.  Muck  soils 
with  pH  5  or  6  may  need  as  much  as  two  to 
three  tons  of  limestone  per  acre,  while  one  or 
two  tons  will  be  enough  for  other  types  with 
the  same  degree  of  acidity. 

You  must  not  get  the  idea  that  all  plants  do 
well  in  a  neutral  or  alkaline  soil.  Look  at  the 
pH  color  chart  (Soil  Chart  No.  1)  and  notice 
the  number  of  shrubs,  flowers,  and  garden 
plants  that  will  thrive  only  in  acid  soils.  The 
common  white  potato  grows  best  in  acid,  sandy 
soil.  If  the  soil  is  very  acid  (below  pH  5),  the 
potato  plants  are  protected  from  a  disease 
called  “scab.” 

Lawn  grasses  grow  best  in  a  slightly  acid  to 
very  acid  soil.  Yet  some  people  add  lime  to 


their  lawns  with  harmful  results  because  they 
do  not  know  this  fact.  When  a  moss  grows  in 
the  shaded  parts  of  a  lawn,  people  often  say, 
“The  soil  is  so  acid  that  only  moss  will  grow 
in  it.”  The  exact  opposite  is  really  true,  for 
the  same  moss  can  be  grown  on  moist  lime¬ 
stone.  It  thrives  in  a  neutral  or  alkaline  soil. 
Using  ammonium  sulfate  will  make  the  grass 
grow  better  and  also  check  the  growth  of 
weeds.  Powdered  aluminum  sulfate  may  also 
be  used  to  acidify  soil  if  its  nitrogen  content  is 
already  high  enough. 

Before  doing  the  experiment,  answer  the 
questions  on  the  next  page.  Refer  to  your 
chemistry  book,  to  the  pH  color  chart  (Soil 
Chart  No.  1),  and  to  the  calcium  and  mag¬ 
nesium  color  chart  (Soil  Chart  No.  5). 
Chemistry  and  Its  Wonders,  pp.  146-147,  272- 
274,  275-277,  363-365,  459,  672 
Chemistry  and  You.  pp.  196-197,  211-214,  583, 
585,  589,  600,  604,  609 

Chemistry  at  Work.  pp.  242,  259,  293,  381-383, 
466,  522,  529,  532,  533,  540-542,  556-557 
Chemistry  for  Secondary  Schools,  pp.  130-131, 
223,  254,  403,  413,  419,  423,  429,  478 
Chemistry  in  Use.  pp.  271-273,  631-633,  649 
Dynamic  Chemistry,  pp.  47-48,  240,  390-395, 
403,  411-413,  765-767 

First  Book  in  Chemistry,  pp.  50,  194-195,  211, 
244,  280,  383,  385,  431 

First  Principles  of  Chemistry,  pp.  259,  302, 
332,  487,  495,  526,  632,  722  ' 

First  Year  of  Chemistry,  pp.  107,  181,  242, 
258,  260-261,  309,  420,  435,  450 
Modern  Chemistry,  pp.  213,  259,  355,  370-372, 
529,  536,  547,  577-582,  584 
Modern  Everyday  Chemistry,  pp.  245,  266, 
270,  293-296,  324-325,  331-333,  416 
Modern-Life  Chemistry,  pp.  219-220,  388,  414- 
419,  469,  478,  672 

New  Practical  Chemistry,  pp.  150,  343,  366, 
396,  401,  457 

New  World  of  Chemistry,  pp.  227,  256,  260- 
261,  272,  360,  497,  514-515 
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1.  Name  some  flowers  or  vegetables  that  grow  well  in  very  acid  soil. 

tables  should  be  pH  5  or  below.  See  Soil  Chart  No.  1.) 

2.  Name  some  legumes  that  grow  well  in  slightly  acid  to  alkaline  soils. 

No.  1.)  Alfalfa,  sweet  clover 

3.  What  effect  will  hydrated  (slaked)  lime  have  on  the  pH  of  soil?  . 

4.  Will  a  solution  of  ammonium  sulfate  give  an  acid  or  alkaline  reaction  with  litmus? 

Hydrolyzes  to  form  strong  acid  (sulfuric )  and  weak  hydroxide 

(a.narioniiiiL ) .  Excess  of  free  hydrogen  ions. 

5.  How  do  magnesium  compounds  affect  plant  development?  . A®. C ®  ® A®. . ... . 

chlorophyll  in  leaves . 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Soil  Extracts  A  and  B.  Soil  A  and  Soil  B.  Reagents  No.  9,  10,  11a,  and 
lib.  Clear  limewater.  Soil  Charts  No.  1  and  5  (pH,  calcium  and  magnesium  color  charts). 
apparatus  needed  :  6-by-%-inch  test  tube.  Graduate.  Spoon  that  will  hold  V2  teaspoon.  Evap¬ 
orating  dish.  Glass  stirring  rod. 


a.  Testing  jor  calcium.  Put  1  ml  of  soil  extract 
in  a  6-inch  test  tube  and  add  2  drops  of  Reagent 
No.  9  (a  solution  of  ammonium  oxalate).  Read 
your  results  within  one  minute.  Hold  the  bot¬ 
tom  of  the  test  tube  on  the  red  base  color.  Then 
look  down  through  the  test  tube  and  match  the 
precipitate  with  one  of  the  colors  on  the  chart. 
Record  your  results  in  the  table. 

b.  Testing  for  carbonates.  Place  V2  teaspoon¬ 
ful  of  soil  in  an  evaporating  dish  and  add  from 
5  to  10  drops  of  Reagent  No.  10  (dilute  hydro¬ 
chloric  acid ) .  If  gas  bubbles  are  given  off,  the 
soil  contains  carbonates.  You  will  have  to  look 
very  closely  to  see  the  bubbles  if  the  soil  con¬ 


tains  only  a  small  amount  of  carbonates.  How¬ 
ever,  if  a  large  quantity  of  gas  is  given  off,  you 
can  verify  the  test.  Dip  a  glass  rod  in  clear 
limewater  and  hold  it  over  the  soil  in  the 
evaporating  dish  while  the  gas  is  given  off.  If 
the  limewater  becomes  cloudy,  it  proves  the 
presence  of  carbonates.  Record  your  results 
in  the  table. 

c.  Testing  for  magnesium.  Put  1  ml  of  soil 
extract  in  a  6-inch  test  tube  and  add  1  drop  of 
Reagent  No.  11a.  Shake  the  mixture  and  add 
1  drop  of  Reagent  No.  lib.  Read  the  results 
on  the  color  chart  within  thirty  seconds  and 
record  them  in  the  table. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF  AVAILABLE 

CALCIUM 

AMOUNT  OF  CARBONATES 

(High,  Medium,  or  Low) 

LB.  PER  ACRE  OF  MAGNESIUM 

1st  TRIAL 

2nd  TRIAL 

1st  trial 

2nd  trial 

1st  TRIAL 

2nd  trial 

Soil  A 

Soil  B 
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CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Show  by  an  equation  the  reaction  between  the  calcium  in  the  soil  extract  and  Reagent 
No.  9.  Assume  that  the  soil  extract  contains  calcium  acetate  [Ca(C2H302)2].  Reagent  No.  9  is 
ammonium  oxalate  [(NH4)2C204]. 

)g  4  (NH^  ^  CaC^O^J^V  ^NHjjCgH^Ojg 

2.  Use  an  equation  to  show  what  takes  place  when  dilute  hydrochloric  acid  [HC1]  reacts 
with  calcium  carbonate  [CaCOa]. 

2HC1  +  CaCOj  — y  CaC12  f  ^2°  * 

3.  Write  the  equation  showing  the  reaction  between  limewater  [Ca(OH)2]  and  carbon 
dioxide  [C02]. 

Ca  ( OH  f  COg — ^  CaCO^  ^  HgO 

4.  Was  there  enough  magnesium  in  the  soils  tested  for  the  proper  development  of  chloro¬ 


phyll?  Soil  A .  Soil  B  . 

5.  If  the  pH  test  is  5,  how  many  tons  of  limestone  would  be  needed  to  neutralize  an  acre  of 

a)  sandy  loam  soil?  .  (b)  Muck  soil?  . 

6.  Suppose  that  a  certain  limestone  contains  90%  calcium  carbonate  [CaC03]  and  10% 
magnesium  carbonate  [MgC03],  If  one  ton  of  this  limestone  is  applied  to  an  acre  of  soil,  how 

many  pounds  of  calcium  are  added?  .  Show  your  calculations.  . 

Ca  (in  CaCO^  )  ie  40.  Mol.  vt.  CaCO^  is  100.  40  7  100  =  .40  90 <f>  of  2000  lb. 
is  I8OO  lb .  CaCCP)  .  l800  x  .40  -  72 0  lb .  ca lc ium 


7.  How  many  pounds  of  magnesium  would  be  added  to  each  acre  if  one  ton  of  the  lime¬ 
stone  mentioned  in  question  6  were  applied  to  the  soil?  .  Show  your  calcula¬ 
tions  At*  (ln  MgCC^)  is  24.  Mol.  vt.  MgCCb>  is  84.  24  7  84  =  .286 

10$  of  2000  lb.  is  200  lb.  MgCO^ .  200  x  .2 86=  57»2  lb.  magnesium 
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8.  If  the  soil  lacks  32  pounds  of  magnesium  per  acre,  how  many  tons  of  the  limestone  men- 
tioned  in  question  6  must  be  added  to  each  acre?  .  Show  your  calculations. 

32  T  .286  =  111.89  lb.  MgCOj  111.89  4  .10=  1118.9  lb.  limestone 
1118.9  7  2000=  .56  (.5595)  ton  of  limestone 
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Experiment  69 

What  elements  may  hinder  plant  growth? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


So  far  you  have  been  working  with  ele¬ 
ments  that  promote  plant  growth.  But  are 
there  any  elements  that  may  hinder  the  growth 
of  plants? 

Strange  to  say,  many  elements  must  be  pres¬ 
ent  in  the  soil  in  very  tiny  quantities,  but  too 
much  of  them  may  be  harmful.  Some  of  these 
elements  are  aluminum,  iron,  and  manganese. 
Aluminum  occurs  chemically  combined  in  clay 
soil.  In  either  neutral  or  alkaline  soils  the 
aluminum  compounds  are  in  a  very  complex 
combination  and  have  no  direct  effect  on  plant 
development.  However,  as  the  acidity  of  soil 
increases,  the  aluminum  compounds  become 
more  soluble.  Excessive  quantities  may  be 
harmful  to  some  plants. 

A  high  or  very  high  aluminum  test  in  soil 
is  almost  a  positive  indication  that  the  soil  is 
acid.  Such  soil  is  undesirable  for  plants  that 
grow  well  in  alkaline  soils.  Moderate  quan¬ 
tities  of  aluminum  are  not  especially  harmful 
to  grasses,  com,  oats,  potatoes,  or  tobacco  be¬ 
cause  these  grow  well  in  rather  acid  soils. 

Iron  compounds  are  abundant  in  soil.  But 
since  they  usually  occur  as  iron  oxide,  they  are 
almost  insoluble  in  water.  As  the  acidity  of 
the  soil  increases,  the  quantity  of  soluble  iron 
compounds  also  increases.  Soluble  ferrous 
compounds  of  iron  are  harmful  to  most  plants. 
If  only  a  small  amount  of  iron  is  found  when 
the  soil  is  tested,  the  soil  will  be  favorable  for 


most  crops.  Heavily  limed  soil  will  show  a 
low  or  negative  test  for  iron. 

Excessive  amounts  of  manganese  injure 
plant  roots  and  stunt  the  growth  of  most 
plants.  Manganese  compounds  are  much  more 
soluble  in  acid  soil  than  in  alkaline  soil.  For 
this  reason,  the  amount  of  soluble  manganese 
will  usually  increase  as  the  acidity  of  the  soil 
increases.  Forty  pounds  per  acre  of  manga¬ 
nese  is  considered  dangerous.  More  than  that 
will  injure  crops.  Since  only  tiny  quantities  of 
manganese  are  required  by  plants,  a  positive 
test  is  all  that  is  necessary. 

Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  aluminum,  iron,  and  manga¬ 
nese  color  chart  (Soil  Chart  No.  6). 

Chemistry  and  Its  Wonders,  pp.  289,  329,  600 
Chemistry  and  You.  pp.  634,  654,  679-680,  748 
Chemistry  at  Work.  pp.  403-404,  549,  572,  612 
Chemistry  for  Secondary  Schools,  pp.  378-379, 

440,  470 

Chemistry  in  Use.  pp.  334,  341,  579,  632-633 
Dynamic  Chemistry,  pp.  313,  437,  467-468 
First  Book  in  Chemistry,  pp.  416,  439,  482,  498 
First  Principles  of  Chemistry,  pp.  511,  533 
First  Year  of  Chemistry,  pp.  352,  443,  508 
Modern  Chemistry,  pp.  461,  494,  572,  579,  613 
Modern-Life  Chemistry,  pp.  418,  535 
New  Practical  Chemistry,  pp.  516-517 
New  World  of  Chemistry,  p.  548 


Yos  Tiny 

1.  Are  soluble  aluminum  compounds  necessary  as  plant  fertilizer? .  Explain . .Y. 

quantities  needed.  Excessive  amounts  harmful. 


2.  How  does  the  aluminum  content  of  soils  compare  with  the  acidity? 

greater  amount  of  soluble  aluminum  compounds. 
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3.  What  effect  does  the  acidity  of  soil  have  on  the  amount  of  soluble  iron  present?  5?^®^... 
acidity,  greater  amount  of  soluble  iron  compounds. 

4.  Are  manganese  compounds  essential  for  plant  growth? . ®.8...  Explain.  ...®®^.®^ . 

quantities.  Harmful  in  large  quantities. 


EXPERIMENTING  TO  FIND  THE  FACTS 

materials  needed:  Soil  Extracts  A  and  B.  Reagents  No.  1,  10,  11a,  12,  13,  and  14.  Soil  Chart 

No.  6  (aluminum,  iron,  and  manganese  color  chart). 

apparatus  needed:  6-by-%-inch  test  tube.  Graduate  or  1  ml  pipette. 


a.  Testing  for  aluminum.  Put  1  ml  of  soil  ex¬ 
tract  in  a  6-inch  test  tube  and  add  1  drop  of 
Reagent  No.  11a.  Shake  the  mixture  and  add 
1  drop  of  Reagent  No.  12.  Shake  again  and 
then  add  1  drop  of  Reagent  No.  1.  Compare 
your  results  with  the  aluminum  color  chart 
within  one  minute.  Record  your  results  in  the 
table. 

b.  Testing  for  iron.  Put  1  ml  of  soil  extract  in 
a  6-inch  test  tube  and  add  2  drops  of  Reagent 
No.  13.  Shake  the  mixture  and  add  1  ml  of 


Reagent  No.  10.  Compare  your  results  with 
the  iron  color  chart  within  five  to  ten  minutes. 
Record  your  results  in  the  table, 

c.  Testing  for  manganese.  Put  1  ml  of  soil 
extract  in  a  6-inch  test  tube  and  add  1  drop  of 
Reagent  No.  11a.  Shake  the  mixture  and  add 
1  drop  of  Reagent  No.  14.  Add  1  drop  of  Re¬ 
agent  No.  1.  Shake  the  solution  thoroughly. 
Compare  the  results  with  the  manganese  color 
chart  immediately.  Record  your  results  in 
the  table. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF  ALUMINUM 

LB.  PER  ACRE  OF  IRON 

LB.  PER  ACRE  OF  MANGANESE 

1st  TRIAL 

2nd  TRIAL 

1st  TRIAL 

2nd  TRIAL 

1st  TRIAL 

2ND  TRIAL 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  (a)  Did  the  soils  contain  enough  aluminum  and  iron  to  develop  plants  properly?  Soil 

A .  Soil  B .  (b)  Enough  manganese?  Soil  A .  Soil  B  . 

2.  If  there  were  too  much  iron  and  aluminum  in  the  soils  tested,  what  could  you  do  to 

remedy  the  condition?  8oil  alkaline.  Iron  and  aluminum  will  then  be  ineol- 

uble. 

3.  Suppose  there  is  too  much  manganese  in  the  soils.  What  should  be  added  to  correct  the 
condition9  Lime  (hydrated  or  slaked)  or  limestone 
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Experiment  70 

What  other  elements  may  interfere  with  plant  growth? 

PREPARING  YOURSELF  FOR  THE  EXPERIMENT 


In  certain  areas  where  there  is  little  rainfall, 
large  quantities  of  alkali  and  salt  are  found  in 
the  soil.  Crops  cannot  be  grown  there  unless 
the  land  is  irrigated  and  the  soluble  salts  are 
washed  away. 

If  the  soil  contains  large  quantities  of  solu¬ 
ble  salts,  plants  may  lose  water  and  die.  Ordi¬ 
narily  the  salt  concentration  is  greater  in  the 
roots  of  plants  than  in  the  soil  surrounding 
them.  Water  passes  from  the  soil  through  the 
roots  into  the  plants. 

But  if  the  salt  concentration  becomes 
greater  in  the  soil  than  in  the  roots,  water  will 
pass  from  the  plants  to  the  soil.  The  plants 
will  of  course  die.  This  often  happens  in  very 
dry  weather  or  when  too  much  fertilizer  or 
other  salts  are  applied  to  the  soil.  Salt  put  on 
an  icy  sidewalk  in  the  wintertime  may  be 
washed  into  the  soil  where  it  will  kill  the  grass 
the  following  spring. 

The  tests  for  sulfates,  chlorides,  and  sodium 
are  not  very  important  in  most  parts  of  our 
country.  But  you  will  be  interested  to  see  how 
much  of  each  is  present  in  the  soils  you  have 
been  testing.  Practically  all  soils  contain  sul¬ 
fates.  They  are  the  source  of  sulfur  for  the 
plants  that  grow  in  the  soils.  Sulfates  are  not 
harmful  except  when  their  concentration  is 
exceptionally  high. 

The  main  purpose  of  the  chloride  test  is 
to  find  out  whether  too  much  is  present.  If 
you  find  a  high  test  for  both  chlorides  and 


sodium,  the  soil  probably  contains  common 
salt  (sodium  chloride). 

When  temporary  or  softened  hard  water  is 
used  to  water  plants,  the  soil  becomes  alka¬ 
line.  A  high  sodium  test  will  then  indicate  too 
much  sodium  carbonate  in  the  soil  if  the  soil 
also  gives  a  high  test  for  carbonates. 

Before  doing  the  experiment,  answer  the 
following  questions.  Refer  to  your  chemistry 
book  and  to  the  sulfate  and  chloride  color 
chart  (Soil  Chart  No.  7). 

Chemistry  and  Its  Wonders,  pp.  191,  256,  259- 
260,  278-280,  363-365 
Chemistry  and  You.  pp.  613-615 
Chemistry  at  Work.  pp.  366-367,  385-386,  518- 
521,  565-567 

Chemistry  for  Secondary  Schools,  pp.  126, 
388,  391-392,  400,  416-417 
Chemistry  in  Use.  pp.  250,  267,  280,  534,  647 
Dynamic  Chemistry,  pp.  181,  184,  369-370, 
386,  414-420 

First  Book  in  Chemistry,  pp.  103, 154,  193,  391 
First  Principles  of  Chemistry,  pp.  181,  293, 
488-490,  513 

First  Year  of  Chemistry,  pp.  84,  88,  241,  401, 
426 

Modern  Chemistry,  pp.  145-147,  211,  511,  579 
Modern  Everyday  Chemistry,  pp.  242,  253, 
333,  373-374 

Modern-Life  Chemistry,  pp.  448-450,  481-482 
New  Practical  Chemistry,  pp.  119, 127,  396-399 
New  World  of  Chemistry,  pp.  401,  499,  521 


1.  In  what  sections  of  our  country  is  the  soil  said  to  contain  alkali?  . 

(Nebraska,  Dakotas,  Montana,  Wyoming,  Utah,  Nevada,  etc.) 

2.  Why  should  newly  irrigated  land  be  flooded  with  an  ample  supply  of  water  before  plant¬ 
ing  the  first  crop?  To  remoYe  soluble  salts  (alkali)  that  might  injure  plants. 
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3.  Permanent  hard  water  is  used  to  sprinkle  a  flower  bed.  Will  its  continued  use  increase 

the  sulfates  in  the  soil?  ,Yes  ..  Why?  sulfates  of  calcium  or . . 

magnesium. 


EXPERIMENTING  TO  FIND  THE  FACTS 


materials  needed  :  Soil  Extracts  A  and  B.  Reagents  No.  1,  8b,  15,  16,  and  17.  Soil  Chart  No.  7 
(sulfate  and  chloride  color  chart). 

apparatus  needed:  6-by-%-inch  test  tube.  Graduate  or  1  ml  pipette.  Glass  stirring  rod. 


a.  Testing  for  sulfates.  Put  1  ml  of  soil  extract 
in  a  6-inch  test  tube  and  add  1  drop  of  Reagent 
No.  15  (a  solution  of  barium  chloride).  If  a 
white  precipitate  forms,  add  1  or  2  drops  of 
Reagent  No.  1,  depending  on  the  amount  of 
precipitate  formed.  Read  your  results  within 
one  minute. 

Hold  the  test  tube  over  the  red  base  color 
on  the  sulfate  chart.  Look  down  through  the 
precipitate  and  select  the  color  on  the  chart 
that  it  most  nearly  matches.  Record  your  re¬ 
sults  in  the  table. 

b.  Testing  for  chlorides.  Put  1  ml  of  soil  ex¬ 
tract  in  a  6-inch  test  tube  and  add  1  drop  of 
Reagent  No.  16  (a  solution  of  silver  nitrate). 


If  a  white  precipitate  forms,  add  1  or  2  drops 
of  Reagent  No.  1,  depending  on  the  amount  of 
precipitate  formed.  Read  the  results  within 
one  minute  on  the  chloride  chart  just  as  you 
did  in  Part  a.  Record  your  results  in  the  table, 

c.  Testing  for  sodium.  Put  1  ml  of  soil  extract 
in  a  6-inch  test  tube  and  add  1  ml  of  Reagent 
No.  17.  Shake  the  mixture  and  add  1  ml  of 
Reagent  No.  8b.  Shake  vigorously  and  then 
stir  briskly  with  a  glass  rod,  rubbing  the  in¬ 
side  of  the  test  tube  with  the  rod.  A  light  yel¬ 
low  precipitate  indicates  sodium.  The  amount 
of  sodium  is  judged  by  the  amount  of  precipi¬ 
tate.  Record  your  results  in  the  table  and  fill 
in  the  last  column. 


SOIL  SAMPLE 

LB.  PER  ACRE  OF 

SULFATES 

LB.  PER  ACRE  OF 

CHLORIDES 

AMOUNT  OF  SODIUM 

(High,  Medium,  or  Low ) 

Satisfactory  or 
Unsatisfactory 

FOR  PLANT  GROWTH 

1st  TRIAL 

2nd  TRIAL 

1st  TRIAL 

2nd  TRIAL 

1st  trial 

2nd  trial 

Soil  A 

Soil  B 

CONCLUSIONS  FROM  THE  EXPERIMENT 

1.  Write  the  equation  for  the  reaction  between  your  soil  extract  and  Reagent  No.  15.  Assume 
the  soil  extract  contains  sodium  sulfate  [Na2S04].  Reagent  No.  15  is  a  barium  chloride  solu¬ 
tion  [BaClo]. 

Kf^SO^  4  BaClg— ►  BaS0^|  4-  2NaCl 

2.  Show  by  an  equation  what  happens  when  Reagent  No.  16  reacts  with  your  soil  extract. 
Reagent  No.  16  is  a  solution  of  silver  nitrate  [AgNOs].  Assume  that  the  soil  extract  contains 
sodium  chloride  [NaCl]. 

AgNO^  4  NaCl — ^  AgCl|  +  NaNO^ 

3.  Does  a  small  amount  of  a  light  yellow  precipitate  indicate  a  high  or  low  test  for  sodium? 
Low 
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SUMMARY  OF  SOIL  TESTS 

Location  of  Soil  A  . 

Type  of  soil  (clay,  sandy  loam,,  etc.)  . 

Crop  to  be  raised  . . . 

pH  of  soil  .  pH  recommendations  . 


SUBSTANCE 

LB.  PER  ACRE 

AMOUNT 

(High,  Medium,  or  Low) 

RECOMMENDATIONS 

Nitrates 

Nitrites 

Ammonia 

Phosphorus 

Potassium 

Calcium 

Carbonates 

Magnesium 

Aluminum 

Iron  ’ 

Manganese 

Sulfates 

Chlorides 

Sodium 

Requirements  of  Soil  A 
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SUMMARY  OF  SOIL  TESTS 

Location  of  Soil  B  . 

Type  of  soil  (clay,  sandy  loam,  etc.)  . 

Crop  to  be  raised . 

pH  of  soil  .  pH  recommendations  . 


SUBSTANCE 

LB.  PER  ACRE 

AMOUNT 

(High,  Medium,  or  Low) 

RECOMMENDATIONS 

Nitrates 

Nitrites 

Ammonia 

Phosphorus 

Potassium 

Calcium 

• 

Carbonates 

Magnesium 

Aluminum 

Iron 

Manganese 

Sulfates 

Chlorides 

Sodium 

Requirements  of  Soil  B 
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SUMMARY  OF  SOIL  TESTS 
Location  of  soil  . 

Type  of  soil  (clay,  sandy  loam,  etc.)  . 

Crop  to  be  raised . 


pH  of  soil  .  pH  recommendations 


SUBSTANCE 

LB.  PER  ACRE 

AMOUNT 

(High,  Medium,  or  Low) 

RECOMMENDATIONS 

Nitrates 

Nitrites 

Ammonia 

Phosphorus 

Potassium 

Calcium 

Carbonates 

Magnesium 

Aluminum 

Iron 

Manganese 

Sulfates 

Chlorides 

Sodium 

Requirements  of  soil 
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PERIOD 


RATING 


SUMMARY  OF  SOIL  TESTS 

Location  of  soil  . 

Type  of  soil  (clay,  sandy  loam,  etc.)  . 

Crop  to  be  raised . . 

pH  of  soil  .  pH  recommendations  . 


SUBSTANCE 

LB.  PER  ACRE 

AMOUNT 

(High,  Medium,  or  Low) 

RECOMMENDATIONS 

Nitrates 

Nitrites 

Ammonia 

Phosphorus 

Potassium 

Calcium 

Carbonates 

Magnesium 

Aluminum 

Iron 

Manganese 

Sulfates 

Chlorides 

Sodium 

Requirements  of  soil 
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LISTS  OF  APPARATUS  AND  MATERIALS  NEEDED 


These  lists  are  estimates  of  requirements  for  a 
class  of  ten  students  working  in  pairs.  Apparatus 
and  materials  are  given  for  the  sixty-three  experi¬ 
ments  in  the  first  thirteen  units.  (The  materials 
and  apparatus  needed  for  Unit  14  have  been  kept 
separate.  See  the  soil  unit  for  these.)  There 
should  be  additional  supplies  of  apparatus  and 
materials  in  a  general  stockroom  to  take  care  of 
breakage  and  waste. 

The  first  list  includes  apparatus,  and  the  second 
materials,  to  be  ordered  from  supply  houses  if 
not  already  on  hand.  The  third  list  includes  arti¬ 
cles  that  may  be  bought  in  local  stores.  Since  few 
classes  will  do  all  of  the  experiments  in  the  book, 
the  teacher  should  check  the  lists  of  apparatus 
and  materials  given  for  each  unit  or  experiment 
to  be  done.  Careful  checking  of  apparatus  and 
materials  lists  will  save  a  good  deal  of  money. 

APPARATUS  NEEDED  FOR  10 

1  balance,  double-pan 
1  balance,  triple-beam 

1  battery,  storage  or  dry-cell  (or  rectifier) 

10  beakers,  Pyrex,  150  ml 
10  beakers,  Pyrex,  250  ml 
10  beakers,  Pyrex,  400  ml 

1  bell  jar  (optional) 

2  bottles,  3  to  5  gallons 

10  bottles,  Babcock  milk  test 

15  bottles,  wide-mouth  with  stoppers,  4  oz. 

5  brushes,  burette 
5  brushes,  funnel 
5  brushes,  test  tube 
10  Bunsen  burners 
5  burettes  without  stopcocks,  25  ml 
1  centrifuge,  Babcock  (two  if  possible) 

5  clamps,  burette 
5  clamps,  pinch  or  screw 
5  clamps,  universal 

5  condensers,  Liebig,  400  ml  (complete) 

5  condenser  tubes  (optional) 

1  conductivity  apparatus  (See  p.  212.) 

10  corks,  Liebig  condenser 
1  cork-borer  set 

20  crucibles  (30  ml)  and  covers,  porcelain 
1  cylinder,  iron  or  glass,  2  in.  by  12  in. 

5  dividers  (optional) 

20  evaporating  dishes,  3  in. 

5  files,  triangular 
5  boxes  filter  paper 
5  flasks,  distilling,  125  ml  or  250  ml 
5  flasks,  Erlenmeyer,  250  ml 
5  flasks,  Florence  (boiling) ,  500  ml 
1  flask,  receiving,  60  ml  (optional) 

5  forceps,  steel,  5  in.  (or  tongs) 


On  such  items  as  a  balance,  centrifuge,  micro¬ 
scope,  or  the  like,  individual  judgment  must  be 
used  to  determine  the  number  needed  for  a  class. 
Some  items  may  be  borrowed  from  the  physics 
or  biology  laboratories. 

In  many  schools  the  laboratory  work  can  be 
arranged  so  that  not  all  of  the  students  are  doing 
a  certain  experiment  at  the  same  time.  If  such  an 
arrangement  is  possible,  the  number  of  more 
expensive  pieces  of  apparatus  can  be  reduced. 
Also  some  apparatus  can  be  built  as  student  proj¬ 
ects  rather  than  bought,  especially  if  the  school 
has  a  machine  shop. 

A  good  grade  of  chemicals  should  be  used  but 
not  necessarily  the  most  expensive  grade.  How¬ 
ever,  it  is  advisable  to  use  C.P.  chemicals  for  mak¬ 
ing  up  test  solutions  and  normal  solutions  if  the 
best  results  are  desired. 

STUDENTS  WORKING  IN  PAIRS 

1  freezing  device  (See  p.  212.) 

5  funnels,  glass,  3  in. 

5  funnels,  separatory,  250  ml  (optional)  See 

p.  60. 

30  ft.  glass  tubing,  6  mm  diameter 
5  ft.  glass  tubing,  V2  in.  diameter 
3  ft.  glass  rodding,  6  mm  diameter 
5  graduates,  10  ml  or  25  ml 

2  graduates,  100  ml  and  fluid  ounce  (optional) 
5  graduates,  100  ml 

2  graduates,  1000  ml  (optional) 

5  heaters,  electric  (optional) 

5  hydrometers,  light  liquids  (one  will  do) 

5  jars,  glass  (or  pneumatic  troughs) 

10  Meeker  burners  (optional) 

1  microscope  (optional) 

10  microscope  slides,  glass  (optional) 

1  mortar  and  iron  pestle 
1  oven,  electric  (optional) 

5  pestles,  porcelain 
5  pipettes,  1  ml  or  10  ml 
1  ring  burner  (optional) 

10  rings  (4  in.)  and  ringstands 
5  each,  rubber  stoppers,  one-hole  and  two-hole, 
No.  1,  4,  5,  6 

10  ft.  rubber  tubing,  •%  (i  in. 

10  ft.  rubber  tubing,  V4  in. 

1  stopwatch  (optional) 

5  test  tubes,  hard  glass,  8  in.  by  1  in. 

15  test  tubes,  Pyrex,  3  in. 

5  test  tubes,  Pyrex,  6  in. 

6  doz.  test  tubes,  soft  glass,  6  in.  by  %  in. 

5  test-tube  holders 

5  test-tube  racks 
5  thermometers,  — 10°  to  110°  C. 
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5  thermometers,  to  300°  C. 

5  thermometers,  —10°  to  220°  F. 
5  thermometers,  to  650°  F. 

5  thistle  tubes 

5  tongs,  crucible  (or  forceps) 


5  triangles,  clay  or  pipestem 
1  viscosimeter  (optional)  See  p.  190a. 
20  watch-glasses,  3  in. 

5  wing  tops 

10  wire  gauzes,  asbestos  center 


MATERIALS  NEEDED  FOR  10  STUDENTS  WORKING  IN  PAIRS 


630  ml  acetone 
20  ml  acid,  acetic,  glacial 
5  gm  acid,  benzoic,  powdered 
15  gm  acid,  boric,  powdered 
5  gm  acid,  gallic,  powdered 
140  ml  acid,  hydrochloric,  concentrated 
300  ml  acid,  hydrochloric,  dilute 
50  ml  acid,  nitric,  dilute 
2  ml  acid,  nitric,  yellow 

1  gm  acid,  lactic,  U.S.P.  85% 

15  gm  acid,  oleic 

25  gm  acid,  oxalic,  crystals 
1V2  lb.  acid,  stearic,  powdered 
550  ml  acid,  sulfuric,  concentrated 
65  ml  acid,  sulfuric,  dilute 
15  gm  acid,  tannic,  powdered 
10  gm  albumen 
25  ml  alcohol,  absolute 
80  ml  alcohol,  butyl 

2  liters  alcohol,  denatured 
325  ml  alcohol,  ethyl 

10  ml  alcohol,  isopropyl 
185  ml  alcohol,  methyl 

4  gm  ammonium  carbonate 
10  gm  ammonium  chloride 

60  ml  ammonium  hydroxide,  concentrated 
20  gm  ammonium  molybdate 
100  ml  amyl  acetate 
30  ml  benzoin,  tincture 
150  gm  calcium  carbonate,  precipitated 
50  gm  calcium  chloride 
60  gm  calcium  hydroxide 
20  ml  carbitol  (or  100  ml  ethyl  alcohol) 

300  ml  carbon  tetrachloride 
30  gm  charcoal,  activated  (or  boneblack) 

500  ml  chloroform 
200  gm  copper  sulfate,  crystals 
10  gm  disodium  hydrogen  phosphate 
2  gm  disodium  orthophosphate,  anhydrous 

5  gm  dye,  Schultz  soluble  blue,  Index  No.  707 
.5  gm  each  dye,  U.  S.  certified  water-insoluble, 

blue,  red,  and  yellow  (face  powder) 

2.5  gm  dye,  U.  S.  certified  oil-soluble,  red  or  Car¬ 
mine  No.  40  (lipstick) 

10  ml  ethylene  glycol 

4  oz.  each,  Fehling’s  solution  A  and  B 
20  gm  ferric  chloride 

20  gm  ferrous  sulfate,  crystals 
20  gm  fuller’s  earth 

5  gm  glucose 


135  ml  glycerine 
25  gm  gum  tragacanth,  powdered 
300  ml  hydrogen  peroxide 
15  gm  iodine,  crystals 
10  ml  iodine,  tincture 
5  gm  iso-Ian 
50  gm  kaolin,  powdered 
215  gm  lanolin,  anhydrous 
10  gm  lead  acetate 
5  gm  lead  nitrate 

5  vials  each,  litmus  paper,  red  and  blue 
10  ml  logwood  extract 

40  gm  magnesium  carbonate,  precipitated 
25  gm  magnesium  stearate 
15  gm  magnesium  sulfate,  crystals 

2.5  gm  manganese  dioxide,  powdered 
.5  gm  menthol,  crystals 
10  gm  mercuric  sulfate  or  nitrate 
10  ml  methyl  orange  solution 
75  gm  nickel  ammonium  sulfate 
.5  gm  nickel  catalyst 

14  lb.  oil,  coconut 

100  ml  oil,  cottonseed,  peanut,  com,  or  soybean 

6  gm  oil,  lavender,  jasmine,  or  other  perfume 
300  gm  oil,  mineral 

3  gm  oil,  wintergreen,  spearmint,  peppermint, 
or  cloves 

1.25  gm  phenol,  crystals 
20  ml  phenolphthalein  (alcohol  solution) 

300  ml  petrolic  ether  (or  naphtha) 

20  gm  potassium  acid  sulfate,  crystals 
10  gm  potassium  acid  tartrate 
150  gm  potassium  hydroxide,  pellets 
3  gm  resorcin 
25  ml  Schiff’s  reagent 
50  gm  soda  lime,  fused 
25  gm  sodium  acetate,  fused 
60  gm  sodium  bicarbonate  (baking  soda) 

150  gm  sodium  carbonate,  hydrate  (sal  soda) 

20  gm  sodium  chloride 
150  gm  sodium  hydroxide,  pellets 
5  gm  sodium  or  potassium  iodide 

15  gm  sodium  lauryl  sulfate  (soapless  soap) 

35  gm  sodium  nitrate 

10  gm  sodium  sulfide 

2.5  gm  sodium  sulfite 
150  gm  sodium  tetraborate  (borax) 

10  gm  sodium  thiosulfate 
5  gm  starch 
5  gm  sucrose 
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140  gm  talc 
75  ml  triethanolamine 
120  gm  trisodium  phosphate 
1  vial  turmeric  paper 
125  gm  wax,  carnauba 
17.5  gm  wax,  ceresin 


6  in.  wire,  platinum  (optional) 

1  package  wood  splints  (or  shavings) 
225  gm  zeolite  or  permutit 
30  gm  zinc,  powdered,  sulfur-free 
10  gm  zinc  chloride 
30  gm  zinc  oxide,  powdered 


ARTICLES  TO  BE  OBTAINED  LOCALLY 


Vz  oz.  each,  alkalizers,  four  brands 
6  sq.  in.  aluminum  sheet 

V2  pint  each,  ammonia,  household,  four  brands 
35  ml  each,  antifreezes,  four  brands 

1  oz.  each,  baking  powders,  three  types 

2  doz.  beads,  glass  (or  bits  of  glass  tubing  or 

porcelain) 

1  pint  benzene 

70  blocks,  wood,  1  in.  by  1  in. 

15  boards,  smooth,  4  in.  by  12  in. 

12  bottles,  varying  sizes  and  shapes,  4  fl.  oz.  or 
less 

Va  yd.  each,  broadcloth,  linen  sheeting,  or  cotton 
cloth,  four  samples 

4  brushes,  camel’s  hair 

3  oz.  butter 

3  can  openers 

8  cans,  tin,  No.  2,  2V2,  300,  etc. 

1  bottle  catsup 
1  package  cereal,  breakfast 
1  box  chalk  or  5  pencils 
15  gm  charcoal  or  coke 
1  pint  chocolate  drink 
1  pint  chocolate  milk 
IV2  yd.  cloth,  cheese  (filter  cloth) 

Va  yd.  each,  cloth,  colored  cotton,  three  samples 
1  yd.  cloth,  cotton,  white 
1  yd.  cloth,  linen 
1  yd.  cloth,  rayon 
Vz  yd.  cloth,  silk 
IV a  yd.  cloth,  wool,  white 
25  gm  each,  coal,  wood,  or  bread,  four  samples 
25  gm  soft  coal 

50  gm  each,  soft  coal,  hard  coal,  coke,  petroleum 
coke 

Va  lb.  each,  cocoa,  three  kinds 
Va  lb.  each,  coffee,  four  brands  (one  caffeine-less) 
6  sq.  in.  copper  sheet 
20  copper  strips 
1  small  box  cotton,  absorbent 
1  oz.  crackers,  two  brands 
25  gm  each  cream,  cold,  cleansing,  vanishing  (or 
brushless  shaving) 

5  cups 
3  eggs 

1  electric  iron 
1  oz.  extract,  lemon 
1  oz.  extract,  vanilla 
1  oz.  flour 


1  oz.  each,  fruits,  dried,  four  kinds 
1  pint  each,  gasoline,  regular,  four  brands 
1  oz.  hamburger  or  ground  meat 
V2  oz.  each,  headache  remedies  or  pain  killers, 
four  brands 
8  oz.  ice  cream 

1  each,  ice-cream  cones,  two  brands 

2  lb.  ice,  dry  (or  ice  and  salt) 

1  bottle  each,  ink,  three  brands 
1  small  jar  jam 
1  small  jar  jelly 
1  knife 

1  box  labels,  gummed  (or  adhesive  tape) 

V2  oz.  laxative,  candy 
V2  oz.  laxative,  gum 

V2  oz.  each,  laxatives,  saline  or  salt,  two  brands 
V2  pint  linseed  oil,  raw 
5  each,  lipsticks,  two  brands 
5  boxes  matches,  safety 
5  medicine  droppers 
15  metal  strips,  thin  (any  kind) 

1  pint  each,  milk,  two  brands 
V2  pint  milk 
1  pint  naphtha,  cleaning 
5  needles,  sewing 
5  nickel  strips 
1  oz.  nutmeats 

1  oz.  oleomargarine  or  renovated  butter 
1  pint  each,  oil,  fuel,  two  brands 
1  pint  each,  oil,  lubricating,  three  S.A.E. 
ratings  (same  brand) 

1  pint  each,  oil,  lubricating,  three  brands 
(same  S.A.E.  rating) 

1  oz.  oil,  olive  or  cottonseed 
V2  pint  each,  paint,  exterior  house,  three  brands 
5  pans  for  water  baths 
30  sheets  paper,  black  opaque 
30  sheets  paper,  large  white 
5  sheets  paper,  typewriting 
1  small  can  each,  peas,  four  brands  (same 
size) 

4  pencils,  colored 
10  pennies,  tarnished 

3  pens  and  penholders 
10  plates,  clear  glass 

1  oz.  potatoes 

1  reading  or  magnifying  glass 
30  rubber  bands 

5  rulers,  inch  and  millimeter 
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1  box  sal  soda 
1  pair  scissors 

1  can  each,  scouring  powder,  four  brands 
Va  pint  shellac 

1  bar  each,  soap,  four  brands  (one  floating) 

1  box  each,  soap  flakes  or  chips,  four  brands 
1  box  each,  soap  powder  (washing  powder) 
or  1  bar  each,  built  soap,  two  brands 
1  pint  sodium  hypochlorite  (bleaching  solu¬ 
tion) 

1  bottle  each,  soft  drinks,  carbonated,  uncar¬ 
bonated,  cola,  and  fruit  juice  (or  1  orange 
or  lemon) 

5  spatulas,  8  in. 

5  spoons,  tea 

5  spoons,  wooden 

5  squeegees  for  washing  desk  tops 


6  sq.  in.  steel  sheet  or  Va  lb.  small  iron  nails 
3  strainers 
1  ball  string 

1  box  sugar,  powdered 

2  oz.  each,  tea,  three  kinds 
1  spool  thread,  white 

5  towels,  hand 
1  quart  turpentine 
Va  pint  varnish 

Vz  pint  each,  vinegar,  four  brands 

1  box  each,  water  softeners,  three  kinds 

2  gallons  water,  distilled 

3  ft.  wire,  copper,  No.  18 

3  ft.  wire,  cotton-covered  copper,  No.  24 
3  ft.  wire,  galvanized  iron 
Va  yd.  each,  woolen,  worsted,  and  mixture 
2  yardsticks  or  meter  sticks 


294 


Date  Due 


_ 


70 

a?r  1  u’n 

OW  1  6 

RETURN- 

-b 

Iftoturng?  1 

JEC  1677 

OCT  2 

0  RETURN 

2U£  m  i  M 

83 

RETURN  V 

to  rtt 

ott 


'TvLEfv 


MiRRinuLUM 


EDUCATION  LIBHABr 


QD45T91  c.l 

Tuleen,  Lawrence  F. 

Test  it  yourself!  Chemistry  ex 
EDUC 


0  0004  8656  938 


C2347 


